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CONTRIBUTIONS THAT HAVE BEEN MADE 
BY PURE SCIENCE TO THE ADVANCE- 
MENT OF ENGINEERING AND 
INDUSTRY’ 


By Dr. C. R. RICHARDS 


LEHIGH 


Ir is, I think, safe to assert that those 
machines and which 
revolutionized industry and the practice 
{ engineering were originally evolved 


processes have 


through accidental discoveries or pure 
invention; and that their later develop- 
ment has generally been based upon 
empirical knowledge. For a time em- 
pirical methods may be sufficient, but, 
sooner or later, every industry feels the 
need of precise knowledge of its proc- 
esses or of its materials that can only be 
supplied through the aid of the funda- 
mental sciences. No industry can feel 
secure until it is fully cognizant of the 
scientific basis upon which its activities 
depend, and that, through research in 
the fundamental as well as in the ap- 
plied sciences, seeks to advance further 
its knowledge and improve its product. 

The practice of engineering has been 
profoundly affected by the fundamental 
sciences, each of which in some manner 
has influenced the work of the engineer. 
In the practice of engineering it is no 
longer sufficient to work with rule-of- 
thumb methods; the engineer must be 
prepared to apply the accumulation of 


1 Papers presented in a symposium before 
Section M—Engineering—of the American As- 
sociation for the Advancement of Science, 
Philadelphia, December 29, 1926. 
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scientific knowledge to thi 


solution of the problems with 


has to deal. 
Selieving that 

trial leaders do not 

sufficiently the 


engineers and inaus 
always recognize 
fundamental 


scientine 
| 


principles involved in their work, it 


seemed advisable, in arranging the 
gram for the Philadelphia 
Section M of the American 
for the Advancement of Science, 
effort be made to present 


pro 
meeting of 
Association 


tions that have been made by the funda 
mental! 


engineering and of industry; and, a 


sciences to the advancement 
ri 


time, to demonstrate that 
the 


the industries have stimulated research 


same 


quently needs of engineers and of 


selences that altect 


in the fundamental 
them. The major portion of the pro 
section was, therefore, in the 


} 


nich eacn 


gram of the 
form of a symposium at w 
distinguished 


scientists discussed the manner in which 


member of a group of 
his particular science had infiuenced thi 
work of the engineer and the develop- 
ment of industry. The importance of 
these discussions justifies their publica- 
tion here, in the expectation that they 
will have a material influence in creating 
a better appreciation of the importance 
of scientifie research. 
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ASTRONOMY 


By Dr. FRANK SCHLESINGER 


YALE UNIVERSITY OBSERVATORY 


[N planning this symposium our chair- distinguished in the glar 
man has arranged in alphabetical order sun is the date of that sta 
the nine sciences that we are to hear rising, and to a faithful wat 
from, and so astronomy has the first how much of the year has ela 
word. This science has had the first word an uncertainty of only a da 
in a more important sense, forit notonly From these happenings, 01 
shares with mathematics the distinction corresponding heliacal settings 
of being the earliest to be cultivated, but rays of the western sun, wer: 
it stands alone as the first to be applied days of sowing, the best 
to the affairs of mankind; without its having been determined throug 
aid our ancestors of thousands of years times centuries of accumulat: 
ago would have found themselves at a_ ence of a particular nation in a 
severe disadvantage in their struggle lar locality. This knowledge was 
with nature and with rival nations. mitted by word of mouth from 
Astronomy touches our modern lives son for many generations, 
so rarely that few of us have anything tuted a priceless asset for the 
more than the merest acquaintance with the race. 
the skies. But centuries ago, before To those who live by the si 
there were cities, every man knew the those who merely live near tl 
stars and their habits intimately. This rhythm of the tides is still 
knowledge had much to do with the es- most important things in natur 
thetic and religious development of primitive races must have not 
early man, but of this we are not to early the intimate relation betw 
speak this morning, as we are for the mo- times of high tide and the positi 
ment concerned only with the relation of moon; and soon thereafter th« 
astronomy to industry. All early races tion between the fullness of 
have used celestial objects as timepieces and the fullness of the tides must 
centuries before any artificial device for have foreed itself upon their : 
the same purpose was invented. A mere in other words, they could 1 
inspection of the position of the sun by failed to notice that at new m 
day and of the moon and stars at night again at full moon, the hig! 
ean with practice tell us the time within higher and the low tide is lowe 
a few minutes. These objects were also during the intermediate intervals 
made to serve as calendars to tell how are important facts to those wl 
much of the year had elapsed and par- launch and beach even the sm 
ticularly to indicate when various crops ships, and this business is muc! 
were to be planted. This was done by tated if we can predict, as we ¢ 
noting the times of heliacal risings of time and the nature of the tides fr 
certain bright stars. The sun in his ap-_ inspection of the moon. 
parent annual journey among the stars To such an audience as this | 
renders invisible by his brilliance for hardly dwell at length upon the cont! 
several months those that are for the tion that astronomy has made 
time in the same general direction. The merce by providing the mariner wit! 
first morning that a bright star can be means for telling where his shi 


rT 
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wut this help navigation would be 
ned to the dangerous and time-rob- 


necessity of groping along coasts. We may 


+ 


he affair 
Without it important portions of the applied cl 
th and their products would doubt- plied phy 
till have remained unknown to geology an 
ed man, and the whole fabric of 
world’s industrial organization 
have been very different from 
it actually is. kind we al 
is a curious tact that the progress expresses It, been ft 
science has taken away from astron- der of an 
y almost all its ancient opportunities a very different 
serve the industries. We no longer at my qd sposal tl 
ise directly the sun and stars as time- attempt to enumeraté 
nieces and calendars; and we no longer’ tions, even though t! 
need to observe the moon to foretell the short o is compa 
- all this information comes to us in be compiled 
onvenient form of printed almanacs. tead dwell 
as a help to navigation, astronomy instructive 
longer as indispensable as it onee nted by spectrum anal 
and it is, I think, soon to lose its ties in the light of burning 


lace altogether as part of the mariner’s noted as early as 1753; du 
equipment. The problem of navigating tury that followed, thé 

may be divided into three parts: the de- the subject were vaguely sense: 
termination of the time at some standard experimenters, but it was not 
port (usually Greenwich, in England); that the physicist Kirchhoff 
the determination of the local time; and chemist Bunsen, working 
the measurement of the latitude. Of mulated the laws of spectrur 
these the first has until recently been the and put the subj ct on wi 


most difficult, but the broadeasting by eall a production basis In 


radio on every sea of accurate time sig- they had recourse not merely to results 


nals has made Greenwich time very easy in their own laboratories, but als 


f access and very certain. The perfec- another in which the conditions wer 
tion of the radio direction-finder, which tunately very different, namely, in 
even now is in a sufficiently well-ad- sun, and their deductions followed a e 
vanced state to warrant its use, will parison of solar and 
probably in a few years render it unnec It was thus 
essary for ships to make use of any kind of the findings of 
of astronomical observations or caleula- physicist and the 
tions. and industry were put in 

But if the passage of time has deprived this new and powerful weapon 
the astronomer of some or most of his an- partnership in spectrum analysis has 
cient opportunities it has also provided persisted ever since; it has vielded, and 
new ways in which he can be of service doubtless will yield in the future, know] 
to industry and engineering. You will edge of the most valuable kind in ever 
not expect that these contributions will sense. A single example must suffice 
vie in number or importance with those In 1868 Lockyer, observing the spectrum 


that other sciences have offered, for as- of the sun’s atmosphere. noticed a set of 


‘ : 
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bright lines which could not be identi- from a particular science, we s! 
fied in the spectrum of any known ter- the best part of the story. Just a 
restrial source. He inferred that they advances are very rarely the pr 
must arise from an unknown element a single mind, almost as rarely 
which he named helium. Nearly thirty born and nourished within the . 
years later this element was ‘‘run to of a single science. It is for this 1 
earth’’ by the chemist Ramsay, who as well as others that the orgar 
found Lockyer’s lines in a Scandinavian and coordination of scientific effort 
mineral called clevite. Lately pure sci- the highest importance, not 
ence has handed helium over to the en- the point of view of pure scie1 
gineer who, among other uses for it, fills even more so from that of the i: 
dirigible airships with it and who has And pursuing this thought a st 
learned how to produce it in large quan-_ ther, let us ask ourselves how 
tities. should continue to keep up our 1 
These few examples illustrate a truth vances in industrial progress if { 
concerning which I am sure you will hear reason the march of pure scien 
again to-day. If we were to confine our- retarded. It was long ago wis 
selves to those contributions that come that to bring up a youth pro 
directly to industry and engineering must start by training his grar 


BIOLOGICAL SCIENCE 


By Professor HENRY B. WARD 


UNIVERSITY OF ILLINOIS 


IN the childhood of the human race_ Biological studies on the 
by man’s contact with living things on origin and physiological charact 
which he depended for food and from of such materials furnish a firm | 
which he manufactured clothing, tools’ tion for their utilization in indust: 
and weapons, this primitive study of engineering. 
biology gave the impulse for the con- The microscope is_ probabl: 
struction of traps, pens, pitfalls for cap- most important instrument 
turing his prey and for primitive in- industry and _ engineering 
dustries by which the materials obtained biology. From the simple lenses 
were more fully utilized. This funda- by fourteenth century students of 
mental relation of biology to industry ogy to the complex and powerful 
has been maintained ever since. Terms pound microscopes of the present 
such as horse power, work energy, improvements have been developed 
fatigue, ete., owe their origin and their effort to penetrate further into th 
carrying power to biology. Wood and mate structure of living organisms 
its products, a variety of fibers, leath- to approach nearer the solution « 
ers, bone, glue, oils, fats, creosote, rub- problem of life. 
ber, charcoal, bone and a multitude The discoveries which enable 
of other materials, some long in use to control fermentation and 
and others newly found, are the basis sterilization enter into the processes 
for countless industries and are essen- of modern industry in an ess 
tial factors in the work of the engineer. manner. These processes worked 


1K 
Ow 











PURE SCIENCE AND ENGINEERING 





in bi logical research though more strik- deeply indebted to biol ory The eontri 






ing than others, represent a long series butions to it in our own country of 
which have been contributed by biology W. T. Sedewick. the biologist. and of a 





to engineering. Even the data for the host of others. have made pr ssible mod- 





tive handling of flood prevention orp processes of water purification and 


f 







ame from biological studies on root sys-  cawage disposal. Utilized on a larger 
ns of plants and their relation to soil seale by the engineer these developments 
_— P > . mm «Cf . 4 . 

is well as on the types and habits of of pure biological research are of in 






urrowing animals. In the solution of 


estimable value to the human race 
great present-day problem, the pro- 












a > ‘ } } . } >» Tyr’ 
tection of harbor construction against ronan sha ear pgs wi "- - a te : 
shipworm (Teredo), the biologist re of a -_ atte - me ae me oe 
and engineer work side by side. When [' @l@ fo i dustry and eng a 
the existence of the silk industry was Hookworm disease 5 mines, Orn ) ras 
threatened with destruction, the studies and agriculture, malaria revel 
ff the biologist furnished both the ex- plague and sin lar dis I I I 
lanation and the remedy. Centuries of paralyze ¢ merce or cr AUSTI 
nation an flight of birds eliminated Their control work tt 
misconceptions and determined funda- Makes i possible ») mal 
mental factors in form, plan of opera- health and build great ngineeri 
n, relation to air-currents and other works in regions where a et 







ssential elements utilized in aeronautics  diseas 











and aviation. ence of the 
Sanitary engineering is of all most tain 


CHEMISTRY 


By Dr. CHAS. H. HERTY 


ADVISER, THE CHEMICAL FO 
















WHEN some future student of our one purpose is already accomplished 









times evaluates the many services ren- he has driven the thought hom 
dered the nation by Secretary Hoover I vincingly. That conviction ean 1 
im confident that emphasis will be to bring adequate response through one 
placed upon his appeal, as chairman of channel or another, unless, in the absorp- 
i committee of eminent men, for gener- tion of the everyday matters of our lives, 
ous support from the industries for the we forget 

prosecution of research in pure science. I take it that the function of this syr 
That was no idealistic appeal, but the posium is to assemble from all the 
direct outgrowth of a deep conviction branches of science a wealth of illustra 
that only through advances in pure tions which may serve to keep the 







science can industry hope to move for- thought dynamic, that eventually it may 
ward at a continuously progressive rate. be brought to abundant fruition 







It is indeed striking that such a plea Fortunately for my own responsibility 
should come from the head of the great here, the case of chemistry needs, per 
business department of our government. haps, least elucidation. Within recent 






Whether the appeal proves completely years there has developed among the 
successful is of incidental importance; chemists a group of popular writers 
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Duncan, Slosson, Hendrick, Howe, Cush- 
man, Free, Stieglitz, Hale, Harrow, 
Wendt and many others—who have 
given their time and talent to the presen- 
tation in attractive form of the story of 
chemistry in its relation to the manifold 
activities of life. Filled with apprecia- 
tive knowledge of the dependence of in- 
dustry upon pure science, this dominant 
thought is throughout their 
writings. 

Nor have we had to rely upon the ran- 
dom buying of books or the occasional 
glancing at publishers’ announcements 
for the dissemination of such material. 
With the cooperation of many distin- 
guished chemists, in the universities and 
in the industries, the Chemical Founda- 
tion has, by gift and by sale at actual 
publication costs, continuously developed 
an ever-widening circle of readers. No 
one can estimate the pervasive influence 


apparent 


of the prize essay contest, founded as a 
memorial to their daughter, Patricia, by 
Mr. and Mrs. Francis P. Garvan, and 


conducted annually by the American 
Chemical Society in the secondary 
schools, publie and private, throughout 
the nation. 

Why, then, should I endeavor to aug- 
ment what already has been so well 
done? One reason only—the full reali- 
zation of how unevenly the processes of 
dissemination proceed and how necessary 
it is to repeat over and over again if we 
hope eventually to reach all. 

But with the necessarily limited time 
at my disposal to-day, certain pertinent 
chapters must be chosen as illustrative of 
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industries which have enri 
world. 

What branch of chemical ind 
not indebted to John Dalton 
atomic hypothesis and to Avogadr 
his supplementary 
molecule? What 
any manufacturer have if Lay 
not heralded the quantitative | 
chemistry? Visit Niagara Falls 
the great electrochemical indu 
then think of Michael Faraday 
fundamental Wateh 
loads of corn going into the a 
mentation plants in the middl 
the tank steamers at Baltimore 
with the 
Cuba’s great sugar crop, then 
‘*Life of Pasteur.’’ 

In 1856 Perkin, 
quinine from aniline, § acci 
brought into existence mauve, t 
aniline dye. It is not difficult to 
that had we been dependent or 
casual alone progress 
field of coal-tar compounds woul 
been halting and uncertain. K¢ 


conce} Tl 


peace of ml 


concept. 


molasses, waste pro 


methods 


1865, with his vision of the structu 


the molecule of benzene, C,H,, cl 
the situation completely. The 

marshalled to support his belief 

this molecule the six earbon at 
linked to each other to form a 
chain made clear many facts 
could not theretofore be explained 


far greater importance, this concept 
pure science presaged the discover 


many new compounds. Orde 


brought into the whole system 


seeking to pret 


tar compounds, and research on the | 
duction of thousands of these derivat 
was feverishly stimulated. Upon 
basis of this fundamental theory 
grown eoal-tar industries 
synthetic medicinals, aro! 
flavors, photographic chemicals, hig! 
plosives and many war gases. 

At the eighth international cong! 
of applied chemistry, held in New Yor 


the prolific contributions of the science 
of chemistry to industry. 

Much of our chemical industry was 
originally developed through pure em- 
piricism, but the applications of new 
principles derived from pure science 
have revolutionized these industries and 
earried them forward with infinitely 
greater strides. Meanwhile, these same 
concepts have brought into being new 


creat 
dyes, 


our 











n 1912, Professor Bernsthen, of the 
Radische Anilin und Soda Fabrik, gave 
re. with demonstrations, on the 


} 
Lua 


ot} 
PCL 


eynthesis of ammonia from hydrogen 

j atmospheric nitrogen by passing the 

xed gases over a catalyzer at increased 
mperature and pressure He an- 
nounced the laying of the foundations 
f the first plant for the manufacture of 
synthetic ammonia. This was the indus- 
trial application of the brilliant research 
in pure science by Professor Haber. As 
1 climax to his demonstration, Professor 
Bernsthen held a piece of white cloth 
before the exit tube of the apparatus, 
ind as the ammonia fumes touched the 
fabric it was rapidly transformed into 
an American flag which the professor 
enthusiastically waved before the audi- 
ence. Little was it realized, as we ap- 
plauded the striking phenomenon, that 
within a few years, as a result of this 
successful utilization of pure and ap- 
plied science in Germany, thousands of 
American lives would be sacrificed as 
they followed that flag on the battlefields 
in France. 

Not many years ago the producers of 
cottonseed oil in our southern states 
spent much time and money on fruitless 
efforts to persuade the housewives to 
substitute this liquid fat for lard, the 
semi-solid fat of the hog. Meanwhile, 
in the quiet laboratories of a French 
university, Sabatier and his co-workers 
were deeply engrossed in a pure science 
study of the transformation of unsatu- 
rated to saturated organic compounds. 
Sabatier showed that the addition of the 
necessary hydrogen atoms could be read- 
ily effected by the use of finely divided 
nickel as a catalyst. Cottonseed oil is a 
mixture of glycerides of unsaturated 
fatty acids. On hydrogenation by Saba- 
tier’s method there resulted saturated 
compounds which were solid. Then by 
careful regulation of the hydrogenation 
process a semi-solid fat, a true synthetic 
lard, was produced. The prejudices of 
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dustry was created and agall | 


science had made industry its debto 


While organie chemists were absorh« 


in developing the many new lines 

work su reested by Kek ilk s views, there 
ppeared in the Transactions of the Cor 
necticut Academy of Seer ~ n 1876 
a contribution so cloaked in mathematics 
that chemists did not r ize that Wil 
lard Gibbs’ phase rule was an epochal 
addition to chemistry. When years r 
t became understood, its application 
brought clarity and scientific basis t 


many processes which previously had 


been purely empirical. Industrial ap- 
plications were rapidiy made The 
whole field of alloys, particularly that 
great tonnage alloy, iron and carbon 


took on a new light; the problen 
Portland cement became clarified: and 
- 


in a multitude of other lines this funda 


mental research proved of inestimabl 


Sometimes, however, the 
pure science is discouraged by seem 
ingly unfortunate properties of the n 
terial with which he works. So in 1872 
Baeyer found that phenol and formald: 
hvde formed a condensation produ 
but it was not crystalline He saw no 


attraction in study of the gummy, res 
nous mass. Baekeland, however, boldly 
attacked this problem, and created the 
new synthetic resins, the uses of which 
seem to be unlimited 

The beautiful finish on our automobile 
bodies to-day is an illustration of 
complete revolutionizing within the last 


few vears of an old. established 


1? 


try, that of lacquers, made possible by 
the work of Whitaker and his researc] 
staff in the U. S. Industrial Chemieal 
Company. All accepted methods for 
making ethereal salts, such as ethyl ace 
tate, involved high concentration and a 
dehydrating agent This meant high 
cost, for the available acetic acid varied 
below 15 per cent. concentration. Whit 
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aker resolved to 
pure science study of the question of 
esterification. Rates of reaction between 
aleohol and acid, equilibrium conditions, 
concentration of catalyzers, and similar 
problems were thoroughly studied. To 
‘*Months were re- 


put his whole staff on a 


quote his own words: 
quired to complete these investigations, 
but the facts once established presented 
an entirely new view of the problem, 
saved months of time spent on mistakes, 
or perhaps avoided final failure.’’ The 
net result of the work was the installa- 
tion of a continuous process for esterifi- 
eation of dilute acetic acid, from which 
there is produced a monthly output of 
150,000 gallons of chemically pure an- 
hydrous ethyl acetate. 

In the preceding illustrations, mention 
has repeatedly been made of the use of 
which affects 


a catalyst, a substance 


the rate at which chemical re- 


markedly 


actions proceed, without itself being 
affected by the reaction. Here the pur- 
est of pure scientists have been gross 
empiricists. Catalysts have been used 


for many years, but the selection of the 
proper catalyst has been the result of 
haphazard discovery or the application 
of the ‘‘eut and try’’ method. Yet we 
are dealing with one of the fundamental 
principles of chemical and, 
from the standpoint of industry, with 
of the dividend-paying 
agencies. Shall rest content with 
Do we not know, from all 
in 
when once we understand the scien 


reactions, 


one greatest 
we 

empiricism ? 
other experience 
that 
tific explanation of 
look forward with confidence to the open- 
ing of entirely new chapters in chemistry 


matters chemical, 


catalysis we may 


and its application ? 

Fortunately 
some light into this all too clouded field. 
To-day Princeton University, throngh 
the work of Hugh Stott Taylor, has be- 
come the center for the scientific attack 
on this problem. It is a sad commentary 
that, in this period of construction of 


Langmuir has brought 
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magnificent chem 
universities throughout 
Taylor’s work must be carr 
old and dingy basement of 
utterly inadequate and 
needs of a great university 
This thought brings me 
mental question: ‘‘ How sh 
in pure be 
most favorable conditions for 


science support 





ical laborator 


ill-suit 


ful prosecution to be found in 
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versities, in the research labor 


our more progressive corpor 
endowed institutions? 

The resources of the w 
from taxat! 
are frequently too 


whether derived 
dowment, 
provide adequate equipment 
associates to ensure the 
of 
often their research is spasn 


cient 
men of fine talent 


output 
rupted by teaching duties an 
responsibilities. Yet 
work the influence 

teacher, and within the walls 


trative 
under 


university, is 


source, Too. Must come the 
] 


well-trained research workers. 
The 


larger salaries offered in indus 


seductive allurement 


have so depleted our univer 
that industry is at last awaker 


short-sightedness of this policy 


the solid foundation on which 


appeal of Mr. Hoover’s commi 


successful culmination of their p 


¢ 


support by the industries of 


research in pure science, to the « 


$2,000,000 annually for ten y: 
restore the equilibrium 

One can not but rejoice in 
ening of the petroleum indust 
recent contributio 
fundamental research in the pt 
hinterland of that industry. 
direction of the American 
Institute, problems suggested | 


deneced by 


of scientists are being assigned t 


workers in university laborat: 
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rience and equipment seem best to 
meet the needs of a particular study. 


From the research staffs of industrial 
horatories contributions to pure science 
] continue to be received. It is a wise 
vestment for a corporation thus to 
ike sure that it will be the first to 
realize upon the practical application of 
new development in pure science. Yet 
research in pure science will always 
ecessarily be of secondary importance 
n an industrial organization. 
From privately endowed research in- 
stitutions we have a right to expect real 
ntributions to pure science Their 
staffs are not under the seeming neces 
sity of frequent, and therefore often 
suf premature, publication as offering the 
est means for preferment; nor are they 
nder the pressure of making an immedi- 
ite showing to directors more interested 
in the treasurer’s balance sheet than in 
report of the director of the research 
atory. 
4 Excellent as have been the results 
from all these existing agencies, the fact 


t be faced that in none of them is the 


matter of research in the pure sciences 
primary purpose and goal of the 
organization. 
[ remember well my last talk with the 
te beloved Dr. Wallace Buttrick, of the 
General Edueation Board. He had been 
besought to recommend financial aid to 
an undertaking in a rather restricted 
field of scientific research. He told me 
that he couldn’t get up any enthusiasm 
for the proposal, that more and more 
he was coming to the conviction that 
funds should be found for creating a 
great institution where our ablest scien 
tists could carry on fundamental re 
search in all branches of science under 
conditions as nearly ideal as could be 
furnished. That was the ripened judg- 
ment of a man who had given the many 
busy days of a long life to aiding every 
form of education and research. His 
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sumption that the men of science will 
during the next few years carry on an 
even more intensive campaign of popu- 
lar education which will result in each 
citizen seeing clearly how much he has 
at stake in this matter. Confidence in 
the reasonably early success of such an 
educational undertaking is begotten of 
an intimate knowledge of the ways by 
which our people have so quickly 
grasped the facts of the close relation 
chemistry bears to their everyday lives. 
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That was no miraculous revelat 
the result of the thoughtful, 
self-sacrificing work of many 1 
deemed it 
country—and they have gotten 
fun and happiness out of doing 
With a nation thus aroused as t 
determinative influence pure scie1 
on human advance, Congress cou] 
fail to heed the popular demand 1 
adequate part of the country’s t 
appropriated for this worthy pur 


primarily a duty 


ECONOMICS 


By Professor JOSEPH H. WILLITS 


UNIVERSITY OF PENNSYLVANIA 


In 1886, Henry R. Towne presented 
his address on ‘‘The Engineer as an 
Economist’’ before the American Society 
of Mechanical Engineers. In this ad- 
dress he may be said to have first given 
the fact that engineers and others who 
became industrial managers deal not 
only with problems of materials, ma- 
chines and power, whose roots lie in such 
fields as chemistry, physics and mathe- 
matics, but also with such problems as 
cost, value, price, markets and labor, 
whose roots lie in whole or in part in the 
field of economics. That thesis has been 
so frequently repeated from innumerable 
pulpits, in the literature of the field of 
industrial management and by the in- 
crease in student enrolment in courses 
that include work in theoretical and 
applied economics and in a thousand 
other that its repetition here 
amounts to an unnecessary dwelling 
upon the obvious. To state the contri- 
bution adequately would require a book 
of many pages; one must needs in the 
space allotted for this paper limit the 
discussion to general statements with 
only a few illustrations. 


ways 


hesitates to use the met 
analogy in view of the pitfalls 
With the hope that m 
will 
man’s analogy should be followed 
will res 


the eg 


One 


method. 
ence, however, recognize 
its logical conclusions, I 
such a method in stating 
contribution of economics. 

The development of ocean trans} 
tion has contributed much to the 
in extending the area of our commer 
interdependence, in extending the rar 
of our intellectual interests and in p 
moting understanding and unity among 
peoples and nations. In making poss 
this development of ocean transportat 
we may distinguish three chief sour 
of contribution as follows: 

(1) All the work of the scientists 
the craftsmen labors have 
tributed directly or indirectly to 
development of the technique of 
building so that from the dugout o1 
savage there has evolved the mod 
Leviathan. 

(2) All those practical seamen—thos 
operators of ships—whose pract 
problems and experiences have | 
written down either in the log-books of 


Ww he se 














their ships or the mental log-books of 
their craft. Their contribution has been 
contribution of practical seamanship 
3) But ocean transportation would 
not have fared well and would still re- 
main a precarious venture had we devel- 
oped nothing beyond marvelous ships 
and fine old ‘‘sea-dogs’’ as captains. 
Our confident steering on a fixed sched- 
ule over all the oceans of the world could 
never have come about without a third 
eontribution—the contributions made by 
which led 


at long series of scientists 
to the development of the laws of navi- 
g The scientific studies which 
made possible the development of the 
technique of shipbuilding and the laws 
of navigation reduced the emphasis on 
empirical seamanship and lessened our 
dependence upon those romantic and 
figures ‘‘who braved the un- 

In the words of Kipling: 


it10n. 


’ 
aaring 


known seas. ’”’ 


Our dial marks full steam ahead, 


Our speed is timed to half a turn. 
Sure as the tidal trains we ply 


Twixt port and port. Romance, good-bye! 


But in place of romantic, heroic, em- 
pirical seamanship, we have a science 
and an art) of navigation. 

The world is similarly engaged in the 
evolution of a science (and an art) of 
industrial (or business) management. 
The contribution of economics—theoreti- 
eal and applied—is a contribution to- 
wards the development of 
navigation in the industrial 
Developments in the industrial field are 
not analogous to developments in the 
field of ocean transportation in at least 
one respect. In ocean transportation, 
the laws of navigation were evolved in 
advance of any considerable develop- 
ment of the technique of shipbuilding 
When therefore the developing needs of 
the world called for much transportation 
of goods and people by sea and when 
large ships had been developed for such 


laws of 
ocean. 
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service, the world already knew ho 
navigate such boats 

But another condition obtains in the 
industrial world As a result of the 
applications of scientifie discoveries out 
whole industrial machine has grow: 
almost overnight ft proportions that 
dwarf the most complex Leviathan 


entirely too rapidly, for there to have 


been any corresponding dey ment 
laws of navigation in the industria 
world. In industry, our knowledge « 


‘‘where to steer’’ has not kept pace wit! 


our knowledge of ‘‘how to build th 
machine.’’ In industrial management 
we are still midway between the stage 
of high-grade empirical seamanship and 
a seclence of navigation lo put it 

other way, we know w to! ri 


machinery and we know how to us 


materials, but we are still in the ele 
mentary stage of learning many of thé 
fundamentals to effective administrative 
steering which are involved in the mai 


aging of finances, of 


men, ol 


Just as the eontr 


product ion 


and of 


bution of the phvsiecal sciences was esse? 
tial to the development of the industrial 


machine and of our understanding and 
use of materials, so is the contribution 
of economies and the val iS rel ted 


social sciences fundamenta 


sal industrial machine is to be effectively 
administered and wisely controlled in 
the interest of all. In the words of the 
late Alfred Marshall, ‘‘The need I 
such guidance in the practical conduct 


of life was never as urgent as nov 


The experience and records of ind 
vidual business enterprises and individ 
ual managers of industry constitute t 


log-book of each enterprist 


book is 


experiences, 


4} 
with the individual 


coneerned 
problems and deviations 
from course of that 


economist 


enterprise. The 
is concerned with the princi 


ples which determine the general course 
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in contrast with the details which deter- 
mine individual fluctuation. The econo- 
mist is interested in the long run and 
from the facts derived from a multitude 
of industrial log-books and other sources 
seeks the general cause or tendency. He 
is also concerned in the social or national] 
effect of such general tendencies. To 
quote Alfred Marshall again, ‘‘ Econom- 
ics aims to gain knowledge for its own 
sake and to obtain guidance in the prac- 
tical conduct of life, and especially social 
life.’’ And further, ‘‘It aims at 
helping to determine not only what the 
end should be but also what are the best 
methods of a broad policy devoted to 
that ‘*But though thus largely 
directed by practical needs it shuns 
practical 


end 


the 
and it is, therefore, 


many issues whi 


man can not ignore; 
a science, pure and applied, rather than 
a science and an art.’’ 

But these philosophical comments 
upon the nature of the contribution of 
economics leave one with only a vague 
conception of that contribution. One 
four major forms of 


may distinguish 


contribution, as follows: 
and Scientific Study of 


Economie 


Definition 
and Problems in 
and Life.’’ 

II. ‘* The Training of Research Workers for 


Industry.’’ 


5k. **The 
Phenomena 


Business 


Of a less direct character but of equal 


importance, we distinguish the 


following: 


may 


**Education for Administration in Indus 
(and Business 
‘*The Education of Public Opinion and 

The Elevation of the Standard of Busi 


ness Ethics.’’ 


III. 


trv ’? 


IV. 


DEFINITION AND SCIENTIFIC 
STUDY PHENOMENA AND 
PROBLEMS IN ECONOMICS 

AND Business LIFE 


I. THe 


OF 


There is not an aspect of the big fields 
economics or of industrial life to 
an important contribution has 


of 
which 
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not been made by students of « 

I will cite but one example ot 
tribution—the contribution to ar 
standing of the _ so-called 
Industry has always 
prey to recurring cycles of bus 
pression. Until the 
took careful scientific analysis, 


ness cycle 


eyele.’’ 
economists 


Was regarded as 


phenomena occasioned by many 
eauses of which sunspots may 


as an illustration. The an 
crises, beginning a hundred 
and eontinuing with increas 


oughness as scientific methods 


titative data were developed, 
vealed that there is not one 
eycle but many business cycles 


each industry or trade and ever 
has beer 


broke nd 


individual business. It 
that each eycle may be 


its four periods—revival, pr 
erisis and depression ; that ea 


has its own definite characterist 


economic activity, of prices, 
rates, 
turbances 
to the results of these az alyse Sl 


added the 
tical measurement of the cyel 


of credit conditions, of | 


related matters 


and 
possibility of relial 


ment, the way was open for 
breaking down of the cycle into 
stituent trends and details. W 
developments, the possibility of 
trial adjustment to that multit 
trends and conditions which is 
described as the business cycle 
possible. There eould be no prol 
business forecasting so long as 
factors were considered as one ul 


given the scientific analysis whic! 


briefly described, the world bloomed 


efforts by individual 


companies 





whole trades, by financial institut 
by government bureaus and by busi! 


services to foreeast business act 


a particular corner of business act 


Thes 


and adjust policies accordingly. 
efforts were and are crude. Th: 

















was. is and inevitably will be strewn 
with the tragedies of damaged reputa- 
tions. But evidence is conclusive that 


we have made progress towards control 

‘ the fluctuations in business activity. 
The imagination is challenged by the 
possible future eontributions to genera! 
business stability, to enlightened indus- 
trial management and to the release of 
the human race from the fear of unem- 
ployment. 

What many economists under the 
leadership of Professors Wesley C. 
Mitchell, Charles J. Bullock and War- 
ren Person have accomplished in the 
fundamental analysis of the business 
eycle might be duplicated in almost any 
feld. The work of Commons, Pigou, 
Hoxie and Bezanson in the field of in- 
dustrial relations; of Johnson in the 
field of railroad transportation; of 
Tryon in the field of the economies of 
power; of Seligman and Kemmerer in 
publie finance; of Marshall and Taussig 
in economic theory; of the National 
Jureau of Economic Research in in- 
come; of Huebner in insurance and of 
all economists in defining the concept of 
production as distinguished from that of 
mere trading—all are only illustrations 
of the service performed by economics 
in analyzing those fundamental phenom- 
ena which are too complex and obscure 
for the individual industrial manager to 
assay alone, but with which his daily 
decisions must be in adjustment if he is 
to manage wisely. 


Il. Tae TRAINING OF RESEARCH WorK- 
ERS FOR INDUSTRY 


This contribution is always a major 
contribution of science to practical life. 
A census of the heads of departments in 
industry devoted to research in eco- 
nomic, financial, commercial and indus- 
trial problems would reveal an over- 
whelming percentage of men who had 
had graduate work or had taught in 
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these fields at universities. Leonard 
Ayres, of the Cleveland Trust Company, 
Stewart, of the Federal Reserve Boar 

serridge, of the Metropolitan Life In 
surance Company, Parlin, of the Curtis 
Publishing Company, Lincoln, of West- 
ern Electric, and B. M. Anderson, of the 
Chase National Bank, are only a few of 


the more familiar examp! 


Ill. EpwcaTIon For ADMINI LATION IN 
INDUSTRY (AND BUSINES 


The expansion of industry during the 
last hundred years—even during th 
last fifty years has been so tremendous 
as to amount to a revolution. Eighteen 
seventy-five was literally ancient history 

} 


DUSINeESS 


from the standpoint ol m le rn 


development. As David Houston has 
pointed out, greater changes have oe 
eurred in that period than occurred in 
the thousand years prec ding And one 


of the important results of these changes 
has been the demand for a larger amount 
and a higher quality of talent for indus 
trial administration than the world had 
ever before needed. The direct educa 
tional response to this demand can not 
be included in the category of a pur 
science. But next to experience, eco 
nomics contributed most fundamentally 
It supplied 
the fundamental studies upon which 
education for business and industrial 
administration had to be based; it sup- 
plied that material in the form of text 
books so as to make education generally 
possible; and it supplied—inadequately, 
it is true—but nevertheless supplied, 


to this shifting of talent 


most of the demand for teachers in these 
new fields. This contribution could 
never have been made without the un 
derlying scientific labors of all the de- 
ductive and inductive workers in the 
field of economics. Without them our 
business schools and our courses in in 


1 


dustrial engineering could never have 
come into existence. 
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IV. THe Epucation or PuBLIC OPINION 
AND THE ELEVATION OF THE STAND- 
ARDS OF BUSINESS ETHICS 

The theoretical and applied workers 
in economies were doing more than edu- 
eate college boys who might some day 
become managers. With their scientific 
studies, their text-books and their teach- 
ing, they were educating an entire popu- 
lation to some measure of understanding 
of the problems and phenomena of the 
new world in which we had so suddenly 
Negligible though that 
extraordi- 


found ourselves. 
understanding still is, it is 
nary compared with that of a quarter 
century ago. To-day, therefore, the acts 
of industrial leaders are carried on be- 
fore an audience increasingly interested 
and informed on industrial problems. 
One result of the greater public under- 
standing and of the university education 
in management and administration has 
been to bring more and more of the pro- 


fessional spirit to industrial manage- 
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ment. With the development 
professional spirit has come an el 
of ethical standards so that the 


standards of the eighties would : 


1 


countenanced to-day. 

With all these shifts in the pr 
confronting us and in the tools 
with which to meet problems, it 
surprising that we are witnessing 
in the type of 
manager. In the epoch which 
leaving, the industrial leader was 
who did not consider risks too car 
who used figures sparingly and 
hunches. It was the type best 
survive, for we needed seamen, not 
gators. 


To-day our emphasis is shifting 1 


business or 


leader who is a careful planner, a skil/ 


thorough organizer who disres 
hunehes and assembles and studi 
facts before making a decision. W: 
demanding industrial 
are familiar with the laws of indus 


navigation. 


navigators 


GEOLOGY 


By Professor HEINRICH RIES 
CORNELL UNIVERSITY 


It is of interest to note that the science 
of geology which may be said to have 
originated not more than two centuries 
ago in the vague speculations of the cos- 
mogonists, and which became well organ- 
ized only within the last century, has 
within the last thirty or forty years 
been found to have such wide practical 
application that there has developed a 
well-marked and clearly recognized 
branch called economic or applied geol- 
ogy. 

But although the practical applica- 
tions of geology were not widely recog- 
nized at an early date, there is no doubt 
that its early development, even as a 
pure science, was partly in response to 


the miner’s desire for accurate infor 


tion regarding the occurrence and 
tribution of mineral deposits. 
the benefits derived in this case we1 
all on one side, for the geologist in t 
profited much by the information 
tained from the sections of 


} 


Hay if 


the r 





, 


formations exposed in mining and qu 


rying. Indeed, the detailed stud; 
mineral deposits has sometimes a 
greatly in the solution of many fu 
mental geologic problems. 


Lyell in his classic work, ‘‘The P 


ciples of Geology,”’ has drawn attent 


rly 


to the fact that the contribution of di! 


ferent nations to geological science 
pended not alone on the genius of 


f 4 

















‘individual workers, but also to a large 
degree on the peculiar geologic environ- 
ment of their fields of labor. 

And so while we may say that because 
‘these conditions mineralogy received 
strong impetus in Germany, stratig- 


raphy in England and paleontology in 
France, I think we may add that eco- 
nomic or applied geology has developed 
in the United States on a larger scale 
than in any other country, due to our 
important mineral resources and indus- 
tries which cooperate closely with geol- 
ey. 

The increasing attention which ap- 
plied geology has received from geolo- 
gists has also been reflected in published 
writings, for, as pointed out by A. H. 
Brooks,’ there were in 1890 less than 1 
per cent. of the publications of the 
United States Geological Survey devoted 
to applied geology, while in 1910 98 per 
cent. of them treated of this phase of 
the science wholly or in part. The same 
has been true of other countries where 
geologic work has been carried on. 

No better illustration of the impor- 
tance of applied geology and its relation 
to industry can be given than to point 
out the well-recognized fact that mineral 
resources are an important factor in a 
country’s development. The lure of 
gold and other metals has attracted 
thousands into new territory, while the 
search for oil has carried exploring par- 
ties into all parts of the world. When 
once the deposits of these useful ma- 
terials are found and developed, rail- 
roads are built, towns may spring up 
and other industries take root. And so 
the development of industries based on 
mineral products and the carrying out 
of great engineering projects, whose com- 
pletion has involved the solution of 
geologic problems, have not only stimu- 
lated the development of applied geol- 


1 Jour. Wash. Acad. Sci., Vol. II, p. 19, 1912. 
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ogy, but involved its close cooperations 
with engineering and industry 

We can therefore mention at least 
three ways in which this branch of geo 
logic science makes itself useful ] 
Geologic knowledge is essential in the 


h ¢ 


intelligent search for and valuation of 


mineral deposits; (2) the application of 
geologie principles to practical problems 
in engineering and other industries is 


often helnful; and (3) the geologist and 
mineralogist have by their investigations 
of the properties of the natural inorganic 
compounds found in the earth’s crust 
accomplished much fundamental work, 
on which the chemist and physicist have 
built. 

Some of the applications of economic 
geology deserve more than passing men 
tion. 

WATER SUPPLY 

With the tremendous growth of some 
of our cities the engineer is sometimes 
forced to go long distances in order to 
obtain suitable and adequate supplies of 
water. Projects involving the construc 
tion of large storage reservoirs, dams 
and many miles of aqueduct tunnels or 
trenches to hold pipe lines are under- 
taken. 

Here then he may be confronted by 
geologic problems from start to finish, 
several of which may be mentioned 

The selection of a reservoir site needs 
to be more than topographically correct, 
since it must also be watertight, and we 
have to consider such geologic features 
as the impermeability of the surrounding 
rock formations and the level of the 
water table around the proposed loca 
tion. The question of silting up by the 
inflowing streams is a further matter 
which can not be neglected 

Similar geologic problems present 
themselves in the selection of a dam site 

No less important is the consideration 
of geologic features where an aqueduct 
is carried below ground in pressure tun- 
nels, for its permanence and tightness 
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depend on the tightness and solidity of 
the material tunneled through. Perme- 
able strata, water-bearing beds, crush 
zones due to folding and faulting and 
buried river channels are among the 
geologic phenomena which may cause no 
end of trouble for the engineer, unless 
he knows of their existence in advance. 

The successful completion of one of 
the greatest engineering works in the 
United States, the Catskill aqueduct for 
New York City, which encountered all 
the above-named troubles, has empha- 
sized the great advantage to be obtained 
by the proper coordination of geologic 
and engineering investigations. The ex- 
perience gained here in the application 


of geology to engineering problems 


should serve as a splendid example to 
be copied many times in the future. 

A second phase of water-supply work 
to be considered in this discussion is that 
of artesian supply, for not a few cities 


and rural communities are dependent on 
driven wells. 

No water supply engineer, familiar 
with rock formation and structure and 
their relation to water supply, would 
assume that granite and sandstone were 
equally valuable as aquifers, or that be- 
cause one region supplied an abundance 
of water to wells driven in glacial drift, 
it was possible to get a similar supply 
from another drift-covered area, even 
though the rainfall were the same at 
both localities. Geology has shown that 
certain rock structures and certain rock 
types are much more favorable as re- 
gards their water yielding capacity than 
others, so that a fairly reliable forecast 
ean be made of what is to be expected in 
a given region, where the geologic con- 
ditions are known. 


RAILROAD CONSTRUCTION 
Here again geologic problems confront 
us. In driving tunnels through moun- 
tain ridges, we can not overlook the 
structure of the hill to be pierced nor 
material composing it. 
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The reports on the long tunnels d; 
through the Alps make most inte: 
reading, and emphasize clearly t| 
fits to be derived by cooperative 
between the engineer and geolog 
is interesting to note that eve 
region of highly folded strata 
culations and predictions of the 
gist checked very closely with tl 
as found by the engineer. 

This however by no means e1 
geologic problems that may aris 
road construction, all of 
affect either cost or stability of 
These would include investigations 
materials underlying depressions, d 
from landslides, zones of faulting 


whie 


tion of rivers to bridges, while in s 
regions, like Alaska, even glaciers 
not be ignored, as by their advar 
retreat they may directly or ind 
seriously threaten lines of rail con 
cation. Perhaps equally important 
is the investigation of new territor 
soils and mineral resources, whi 
vield business to the railroad. 


MISCELLANEOUS APPLICATIONS 

Other examples of the relation of x 
ogy to civil engineering work might 
diseussed did space permit, but 
can be done here is to call attentior 
the need of considering rock types 
foundation characteristics in road 
struction or of the bearing of a kn 
edge of stream action and wave work 
river and harbor improvement. 

The cause and possible preventior 
landslides is another fruitful subject 1 
consideration, and the troubles w! 
they gave in the construction of 
Panama Canal and at other localit 
serve to emphasize the need of bein 
the lookout for similar troubles 
where. 

No less important is the problen 
land subsidence caused in most cases b) 
mining operations, but, by its upward 
spread, giving rise to serious surface dis- 
turbance. Much attention has been 








vard 
dis- 


been 








given to this matter in Europe, and 
more recently in the United States. 
Many data have been obtained on the 
relation, nature and structure of the 
rocks to the direction and speed of the 


ovement. 


Minirary ScreENCcE 

A somewhat new departure in applied 
geology which has rendered conspicuous 
service in various ways in military work 
was that developed during the late 
World War. The selection of camp sites 
and the location of trenches and dug- 
outs were made with respect to geologic 
conditions when this was possible, while 
the location of the water table, as in 
northern France, had an important bear- 
ing on the obtaining of water supplies 
and the operations of mining and counter 
mining. 


MAPPING 

The making of a map is regarded 
usually as a purely engineering task, 
and while it is so to a considerable ex- 
tent, nevertheless it is well to remember 
that surface topography is always the 
result of geological processes, and a geo- 
logically trained engineer can interpret 
this knowledge from a topographic map. 
If therefore we have some understand- 
ing of the foundation of our map, it can 
not fail but to assist us in giving our 
topographic features a ‘‘more intelligent 
look.”’ Comparatively minor features, 
which may seem of no importance if 
their cause is not understood, can be 
properly emphasized if the reason for 
their being is known, thus making the 
finished product of the surveyor more 
valuable. 

In this field, however, the geologist 
has been greatly helped by the aviator, 
for the introduction of airplane survey- 
ing has not only given us an accurate 
means of mapping surface features for 
exploration and geologic work, but has 
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also resulted in a saving of much time 
and money. 


Metau MINING 

The relation between the veologist and 
the ore miner has been most intimate 
since each one has helped the other 

The perplexing problenis presented by 
broken and displaced ore bodies eall for 
eareful geologic work in their solution, 
since the all-important point to be settled 
is where the ore has gone The study 
also of the origin of ore deposits has 
thrown much light on their minéral com- 
position, shape and extent, which assist 
in the operations of exploration, valua 
tion and mining. We should not over- 
look either the results obtained by a 
study of the peculiar phenomenon of 
secondary enrichment, which it has been 
found affects certain metals more than 
others and represents a process to which 
some of the important ore bodies owe 
their workable richness at the present 
day 


COAL 


It has been said that coal mining was 
the first branch of industry to which 
geology made itself indispensable’? in 
mapping coal fields, tracing the beds, 
working out the thickness, number and 
quality, and other features of impor- 
tance. In many regions the structure 
of the coal measures is relatively simple, 
but in certain ones of more intricate 
structure, the importance of geologic 
work becomes noticeable 

The world’s geologists have performed 
a useful service in estimating the reserve 
tonnage of the different ranks of coal in 
the several coal fields of the world, and 
in the United States the federal geolo- 
gists have prepared a map showing the 
areas underlain by coals workable under 
present conditions of mining and of 


2Watts, W. W., grit. Assoc. Adv. Sci., 
Toronto, 1924, p. 91. 
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those areas under which the coal lies too 
deep to be workable at the present con- 
ditions. 


Om 


This mineral resource stands next to 
coal as a source of energy, and forms the 
basis of an industry which has shown 
tremendous expansion, due to the fuel 
value of petroleum, the use of which can 
be said to have revolutionized some 
branches of engineering practice. In 
response therefore to an ever-increasing 
demand, there is going on a world-wide 
search for new sources of supply. 

Since oil reservoirs do not outcrop, the 
geologist has a less easy problem than in 
his hunt for coal. 

Geologic knowledge, keeping pace with 
industrial development, has pointed out 
so clearly what the most probable struc- 
tures are that seem favorable for oil ac- 
cumulation that the oil companies carry 


a staff of geologists, whose exploration 
work involves a direct application of 
geologic principles. 


AGRICULTURE 


While our thoughts may naturally 
turn to civil and mining engineering 
when the practical relations of geology 
are mentioned, there are other lines of 
human activity with which it cooperates. 

Agriculture is an industry which is 
closely related to geology, for the soils 
which support the crops and on which 
the latter depend for food are to be re- 
garded as rock types. Indeed, in making 
soil surveys, the classification of soils is 
based largely on their origin and so 
geological knowledge comes to the aid 
of the soil surveyor. This is more par- 
ticularly true in glaciated areas like the 
northern United States, where the sur- 
face materials are largely of glacial 
origin. Familiarity, therefore, with gla- 
cial deposits and their physiographic 
character and relationships are most use- 
ful in soil mapping. The application of 
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the principles and processes of weat 
ing may also help to a better understa; 
ing of the soil and the formation of 
colloids. 


CHEMICAL INDUSTRY 

Chemistry and geology are mu 
helpful. Various chemical indust; 
consume large quantities of raw 1 
products, but since these vary in t} 
purity and composition, it is importan: 
for the chemist to be familiar wit! 
irregularities of composition which t 
different types may show, becaus: 
often called upon to pass judgment 
new sources of supply. Here g: 
helps the chemist. On the other | 
the laws of physical chemistry which 1 
chemist has worked out are of great as 
sistance to the geologist in explaining 
many geologic processes. 


ELECTRICAL INDUSTRY 

In the study of mineralogy, much 
knowledge has been gained of the inter 
nal structure of crystals and their rela- 
tionships, so that when the physicist 
began the study of crystal structure by 
means of the X-ray, he received from th: 
mineralogist the results of much pre. 
liminary work that served as a basis for 
his further study. A very important 
advance due in part to the study of crys- 
tal structures has been the development 
of permalloy, whose use in submarit 
cables, as is well known, has greatly in- 
creased the speed of transmission 
messages. 


PouitTicaL GEOLOGY 


Many of the most important industries 
of a nation are based on mineral prod 
ucts, this being true during times 
peace or war. 

That nation, therefore, which possesses 
or controls the greatest variety and re- 
serves of mineral wealth enjoys a pos! 
tion of major economic importance 
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which becomes an asset of incalculable 
value in time of war. 

This was emphasized during the recent 
world conflict, and indeed it has not 
heen overlooked in the past when the 
different nations of the world have been 
expanding their possessions, since they 
have not been blind to the possible min- 
eral wealth of the territory whose an- 
nexation they sought. 

It brings to the fore a branch of geo- 
logie seience which has been called po- 
litieal geology, and the careful planning 
to acquire lands whose mineral resources 
are essential to important industries has 
been aptly referred to as the strategy 
of minerals. 

To take one simple and clear case, ref- 
erence may again be made to petroleum, 
for as already stated a world-wide search 
is being made for new fields, and the 
reason is simply that it represents one 
of the most valuable mineral resources 
known. That nation, therefore, which 
controls the greatest reserves occupies an 
enviable economic position. 

The United States is at the present 
time the greatest oil producer, but we 
may question whether it has any longer 
the largest reserves. We have used our 
oil more or less wastefully, we have 
placed no ban on free exportation and 
we have been generous in allowing the 
nations of other countries to come in and 
exploit our oil supplies. Unfortunately, 
the last is a privilege which is not per- 
mitted us in all other countries at the 
present time. 

Although the United States is at pres- 
ent the dominating nation in production, 
its consumption is greater than its out- 
put, and it is not unlikely that in the 
future there will be important shifts in 
the centers of world production. 

Leith* has remarked that the more im- 
mediate problems are: (1) Whether the 
discovery and winning of oil can be made 
to keep pace with the enormous accelera- 


***Economie Aspects of Geology,’’ p. 130. 


tion in the demand, and (2) 


ment and financial control of oil re- 


the adjust 


sources, the possession of which is be- 
coming so increasingly important to 
national prosperity. 

Going on down the list of mineral 
resources we find that certain countries 
are far from independent industrially, 
while others are partially so 

The United States hardly dominates 
the world situation in anything except 
copper, and even here is not so important 
as formerly. She has, however, an ex- 
portable surplus of a number of mineral 
products, but is dependent on foreign 
sources for cobalt, nickel, platinum, tin 
and to a major extent for, asbestos and 
potash. 

Great Britain, to quote an additional 
ease, controls extensive mineral wealth 
in her colonies, but within her own 
borders lacks many essential mineral 
products. 

These two instances, and others, serve 
to emphasize the marked degree to which 
different nations are dependent on each 
other. 

CONCLUSIONS 

From what has gone before it should 
be clear that geology is of service to 
man in two general ways. The first of 
these is in exploring and evaluating the 
mineral resources on which industry and 
civilization are built, and the second is 
the application of geologic principles to 
various lines of human activity, such as 
engineering, agriculture, chemistry, etc. 

Both of these are phases of economic 
or applied geology, but neither could be 
developed before geology as a pure 
science was more or less firmly estab- 
lished, and in this process it freely ac- 
knowledges its indebtedness to some of 
its older sister sciences such as chemistry, 
physics, botany and zoology. 

It furthermore indicates the close re- 
lationship which must exist between the 
different sciences, a connection so close 
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that one can hardly consider them as 
sharply separated from each other. In 
a similar way they are all in their prac- 
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tical phases at least closely re! 
the different branches of industry; 
to serve them in every way possi 


MATHEMATICS 


By Professor GILBERT AMES BLISS 


UNIVERSITY OF CHICAGO 


SOME time ago your chairman asked 
me to prepare for this meeting a few 
remarks on the contributions which the 
science of mathematics has made to the 
industries. The subject is one which 
has a great interest for me, and I will 
try to give to you the impressions of a 
so-called ‘‘pure mathematician’’ with 
regard to it. Let us understand at the 
beginning that I believe the term ‘‘ pure 
mathematics’’ to be a misnomer. It is 
true that mathematicians sometimes 


have prided themselves on their devo- 


tion to theories far removed from the 
econtaminations of any sort of uses in 
other fields. I can sympathize with 
them to some extent, because the un- 
certainties of the physical or other bases 
for applied mathematical theories, com- 
bined with the vagaries of inexperienced 
mathematical reasoners, do sometimes 
together make what seems to the pure 
mathematician an awful mess. If ex- 
periences of the past are to be credited, 
however, it is from these messes that 
truth may be expected finally to emerge, 
whiter and more brightly shining by 
contrast, and not infrequently clad in 
the raiment of pure mathematics. Much 
of the product of pure mathematical 
research of the past has already been 
put to use in some domain or other, 
and much more will in time find appli- 
eation. For this reason, as well as for 
others which may be equally defended, 
it is the duty of the pure mathematician 
to have results in his science at all times 
well ahead of the applications, and on a 
par with the products of other sciences 


which are still unused but wh 
be in demand at any time to 1 
expected industrial needs 

For the purposes of the present 
cussion two types of applications 
mathematics may be distinguis! 
There are in the first place appli 
of the commonplace everyday 
based upon elementary arithmet 
algebraic or geometric principles y 
every educated person is suppos 
know or which he ean “‘pick vy 
they say, for himself without 
difficulty if he is sufficiently inter 
and there is a second less elemer 
sort of application which can be 
or understood only by those wh 
studied farther into mathematic 
seriously and thoughtfully. W: 
see later that the calculus constitu 
rather definite intellectual and ps 
logical barrier between these two 1 
of applications. 

Of the first type I shall not 
much to say. You probably did 
come here to hear about them, 
shall not detain you long in sp 
of them. But their importance 
modern civilization is undeniable 
all recognize the slowly rising 
dissatisfaction with non-metric s\ 
of measurements, or at least wi 
experienced in our travels the 
venience of business transactions 
country in whose monetary system 
first two decimal points represent t 
tieths and two hundred fortieths 
unit instead of tenths and hundredt! 
The economic waste of bookkeeping 
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pounds, shillings and pence must be 
large indeed. But what would become 
of our present economic structure if we 
had no Arabic but only Roman numer- 
als with which to carry through our 
arithmetical operations? What would 
become of a highly organized and com- 
plicated manufacturing or merchandis- 
ing establishment handling hundreds of 
thousands or millions of units per year, 
with a delicately adjusted system of cost 
computing and accounting without 
whose accuracy neither success nor fail- 
ure could be accurately predicted or 
measured. The answer is easy. Noth- 
ing would become of such an economic 
structure or of such a business estab- 
lishment, because without the operations 
of elementary mathematics, as we now 
understand and use them, none such 
could ever have been developed. 

These remarks have a certain trite- 
ness. We all recognize the indispensable 
significance of arithmetic and other 
forms of elementary mathematics in 
our daily life. The aspect of the mat- 
ter which really needs emphasis, how- 
ever, is that there is no mathematical 
process, either elementary or advanced, 
which is not the product of mathemati- 
eal research in some bygone age. We 
are in the habit of accepting the subject- 
matter of our elementary curricula as 
property whose acquirement puts us 
under no obligation and demands from 
us no expressions of gratitude. But 
the most casual examination of the his- 
tory of mathematics reveals the mathe- 
maticians of the past struggling with 
arithmetical notations; struggling to in- 
troduce and interpret the decimal point 
and the symbol zero after the other 
digits had been invented; struggling to 
develop operations of addition, sub- 
traction, multiplication and division 
suited to the mechanisms of their respec- 
tive methods of writing; struggling to 
operate with fractions by reducing them 
all to a common numerator unity instead 
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of to a common denominator as at pres- 
ent; struggling to find the ratio of the 
circumference to the diameter of a circle; 
searching, seeking, investigating for our 
benefit just as we must constantly con- 
tinue to do in our own epoch for the 
benefit of future generations if we would 
maintain our respect for 
participants in the forward development 
of the human race. I have said atready 
that a large part of the product cof the 
mathematical researches of past genera- 
tions has already been put to practical 
Some of this product was at the 


ourselves as 


uses. 
beginning the response to economic de- 
mand, but much of it was the work of 
investigators who were spurred to activ- 
ity by pure love of science and the ap- 
plause and appreciation of their fellows. 
Let us see to it, if possible, that our own 
civilization and 
adequately the pure scientist, for if we 
will presently 


appreciates supports 
do not do so 
cease and we shall be regarded by men 
of the future as a selfish, self-centered, 
materialistic race. 

I have spoken briefly of the applica- 
tions of elementary mathematics in 
everyday life. Much could be 
said upon this subject if there were time 
to do so. But there is not, and we may 
well turn attention therefore to 
applications which are of a less elemen- 
tary sort. 

I suppose there is no plaintive request 
which is made more frequently to mathe- 
maticians by persons who have com- 
pleted the formal processes of their edu- 
cation and entered actively into careers 
or professions of some sort, than the 
request for an elementary, and espe- 
cially a short, presentation of the prin- 
ciples of the calculus. There is in fact 
no very easy road to an understanding 
of the calculus, though I hope and be- 
lieve that ways can be found and books 
ean be written which will make its prin- 
ciples much clearer and more readily 
accessible than they are to-day. The 


progress 


more 


our 
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great advances in the science of mathe- 
matics have been the product not of in- 
dividual workers alone but of periods 
and schools. The roots of modern 
mathematical analysis reach back to an- 
tiquity, but the period of greatest activ- 
ity in the developments of the elements 
of the caleulus was the seventeenth cen- 
tury, and the great spokesmen of that 
period were Newton and Leibniz. At 
that date the fundamental principles of 
the theory were none too clear, and mis- 
understandings gave rise to many de- 
rogatory comments and lively scientific 
discussions. It was remarked by one of 
Newton’s contemporaries that his new 
theory was a remarkable and brilliant 
piece of work, but that it would very 
likely never be thoroughly understood 
and appreciated except by persons im- 
bued with unusual scientific interest 
and intellectual curiosity, a line of talk 
which is astonishingly like the comments 


on the theory of relativity which we hear 
to-day. 

Very soon, however, it became clear 
that the new science would have a far 
more extensive application than was at 


first anticipated. During the eighteenth 
century the Bernoulli brothers and 
Euler, in Switzerland, and Lagrange, in 
France, formulated in terms of calculus 
notions a new theory of mechanics, and 
another Frenchman, Laplace, made 
great strides in the application of the 
theory to the motions of celestial bodies. 
It is true perhaps that in those early 
days theory predominated and the ac- 
euracy of the fit with natural phe- 
nomena was none too well established. 
In the nineteenth century, however, 
great progress was made in the process 
of adapting theory to practice in celes- 
tial mechanics, and the work is still in 
continuation to-day. Modifications have 
been made, such as the relativity theory, 
which are varied and important, but the 
foundations still rest on the researches 
of the men whom I have mentioned and 
their contemporaries. 
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I have spoken somewhat hastily ; 
the origin and development of ma 
matical analysis and I should like ; 
to mention some of the products of +} 
development which affect material]; 
prosperity of the human race to-day 
you are on a voyage and strike ut 
acquaintance with the navigating 
of a ship and accompany him 
bridge, he will tell you perhaps 
mathematics plays a very small part 
the practice of navigation. If y: 
mathematically inclined you will 
surprised at the limited 
mathematical knowledge and com; 
tion which are required for the « 
mination of the position of a shi; 
sea. A few observations and some 
mentary computation with the hel 
tables is all that is necessary. But 
should not be deceived. There are fi 
domains of applied mathematics wh 
the operations used in practice ha’ 
been so tabulated and systematized 
they have been in the practice of na 
gation. Behind the tables of th. 
tions of celestial bodies used by 
navigator lies the whole history of 
development of the caleulus and its 
plications to celestial mechanics. Wit 
out Newton, Lagrange, Laplace, Hi 
Poincaré and many others, who dev 
oped the theory, and without the Delau 
nays and Newcombs, who fitted 
mathematics of their predecessors to 
heavens, the problems of the modern 
navigator would be unsolved and inter 
national commerce as we know it to-da) 
would be impossible. It is well known 
of course that the art of navigation ha 
mathematics in it, but I think that few 
persons of the general public realize t! 
distinctly mathematical character of th: 
celestial mechanics upon which the the- 
ory of navigation is based. It is per- 
haps the most fundamentally important 
and effective single application of mathe- 
matics which could be mentioned. 

There is another assistant to the navi- 
gator which has mathematics in it 


amount 
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namely, his map. It is well known to 
mathematicians that the surface of the 
earth can not be mapped upon a plane 
in such a way that angles will be pre- 
served and distances on the map be 
everywhere proportional to correspond- 
ing distances on the earth’s surface. A 
map of this kind, if it were possible 
would be most desirable and satisfactory. 
Since it is not possible to make such a 
map we must be content to approximate 
to it as closely as possible, or to construct 
maps for special purposes portraying ac- 
eurately a part only of the geometrical 
properties of figures on the surface of 
the earth in which we are interested. 
Thus we may ask for a map preserving 
areas to scale; the battery commander 
in the field needs a map which preserves 
angles and indicates distances with the 
least possible error for a limited portion 
of the earth’s surface; the navigator 
uses a map which represents loxodromes, 
or curves of constant direction on the 
earth’s surface, as straight lines. To 
determine the course of a ship along 
such a loxodrome one needs only to rule 
a line on the navigator’s map from start- 
ing point to destination. 

Maps of all these types, and many 
others, have been construeted. Archi- 
medes knew a fundamental property of 
one of the area-preserving maps, and 
Lambert and Bonne constructed others 
in the latter half of the eighteenth cen- 
tury. The maps of Bonne were used by 
navigators on the Atlantic for many 
deeades. Curiously enough, the map 
now used most extensively in navigation 
is one published by Mercator in 1569. 
He described accurately its property of 
representing loxodromes by straight 


lines, but gave no theoretical explana- 
tion. Lagrange in 1779 invented a map 
which preserved angles and represented 
meridians and parallels as circles on the 
plane. 

All these are special cases and there 
are many others. For the general prin- 
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ciples applicable in the theory of map- 
making the mathematician would turn, 
I think, to a memoir published in Latin 
by Gauss in 1827 and whose title trans- 
lated would be ‘‘General investigations 
of curved surfaces.’’ This is a famous 
old memoir, containing principles useful 
not only in map-making but in many 
other domains of applied mathematics 
It was the precursor, for example, of the 
geometrical theories of Riemann, and of 
Rieei and Levi Civita, 
tivity theory of to-day. But I have said 
enough about map-making. ~ Without 
maps and the mathematical theories of 


and of the rela 


surveying which go with them, the navi- 
gation of the present, and many of our 
modern engineering enterprises, would 
be impossible. 

There is a 
average university professor of mathe- 
matics which I think is fairly described 
by the term mathematical settlement 
work. It consists of efforts to answer 
questions of more or less serious mathe- 
matical character proposed by members 
of the faculty outside of the mathemati- 
eal department or by members of the 
the university. 
have little 
they some- 


type of activity of the 


community outside of 
These questions usually 
mathematical interest, but 
times have a very considerable signifi- 
cance for the proposers. 

Questions concerning amortization of 
payments are common. A neighbor of 
mine, now very near the top in a large 
manufacturing concern, told me glee 
fully that he made his first favorable 
impression upon his superiors by solving 
a mathematical problem of amortizing 
the costs of sprinkling systems for a 
flock of factories against savings in in- 
surance premiums. It took him a ‘‘ week 
of nights,’’ to use his own words, to find 
and check by eut and try methods the 
results he thought he needed, but the 
net result was an annual saving to his 
company, after a period of years, of a 
good many thousands of dollars. Mathe- 
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matically the problem had no real diffi- 
culty, though, as I remember it, a 
method of approximation was necessary 
for its solution if tables were not used. 
I should hate to think that there are 
many such situations in the business 
world whose mathematical possibilities 
go unrecognized. 

An efficiency expert called upon me 
unexpectedly late one Saturday after- 
noon. He seemed at the same time ex- 
cited and depressed, and it turned out 
that he had been trying for several days 
to construct norm curves for the gui- 
dance of salesmen for a certain business 
house, in accordance with specifications 
prescribed by its chief executive. He 
was disturbed in his mind, talked rap- 
idly, and it was impossible to think while 
he was present. But within a half hour 
of his departure it became clear, by a 
mathematical demonstration which was 
agreeable to me at least, that curves of 
the kind demanded were impossible. .A 
number of different curves could be con- 
structed, each having some of the prop- 
erties specified, but there was no single 
curve possessing all of them. I natu- 
rally hastened to the telephone to bring 
relief of mind to a fellow mathematician 
in distress. But the effect was far from 
satisfactory, for what chance has mathe- 
matics in the mind of an efficiency ex- 
pert as opposed to the instructions of a 
business executive? 

From questions which reach us it 
seems that graphical methods or special 
tables, often expensive to prepare ini- 
tially, might in the long run be econom- 
ical in many situations in the business 
world. Some years ago one of our stu- 
dents graduated and went into business 
with his father in the manufacture of 
boxes. He found that their salesmen 
were having difficulty in computing 
costs. The costs depended upon seven 
variables corresponding to different 
sorts of materials which might be used. 
The computations were frequently long 
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and embarrassing in the presen 
customer, and sometimes it 
sary to appeal to the home office. 0 
of the members of our department 
vised a graphical method which r 
the situation. The 
the tables and drawing the graphs | 
twelve hundred dollars, but th: 
manufacturer seemed satisfied, 
average computing time for his s 
men was reduced to two minutes. 

Not very long ago a patent 
came to me from a manufacturer 
large storage tanks. He wanted ad 
in the design of tanks on whic 
pressure of the contained liquid s 
be at all depths the same, so that 
tank could safely be constructed wit 
skin of uniform strength and thie 
With the connivance of a physicist 
differential equation of the form e¢ 
for the side of the tank was set up 
it proved to be of a type which eo 
not be solved in terms of element 
functions. A formula familiar to d 
ferential geometers, but beyond the eu 
riculum of the average engineer, 
nished an effective graphical method 
solution. Designs for such tanks ha 
now been made by engineers and 
being patented. The problem is related 
to the well-known mathematical p 
lem of the determination of the form 
a drop and has considerable mathemat 
cal interest. If I had pursued the ir 
vestigation to its finish I should hav 
wanted to inquire careiully into ques 
tions of stability, but engineers hav 
doubtless methods of their own for 
suring safety in this respect. 

I have mentioned these mathematica 
incidents, not because any one of them 
is of great importance in itself, but b 
cause, if they are as a group typical, 
they indicate that business and industry 
are permeated with problems which are 
not only susceptible of mathematical 
treatment but whose satisfactory solu- 
tion requires such treatment. There ar 
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many others which might be mentioned. 
It amused me the other day to hear 
from an economist that one of the great 
mail order houses has mathematical for- 
mulas regulating each day the speed of 
operation of various departments as 
fynetions of the weight of the morning 
nail sacks. There must be many 
mathematical situations whose mathe- 
matieal character escapes notice, and 
not always perhaps on account of the 
inexperience of executives. I should 
like to relate to you an experience of my 
own which shows that sometimes a really 
intimate acquaintance with a problem 
may be necessary before its nature can 
be well appreciated. 

In 1918 one of my mathematical 
friends, Professor Oswald Veblen, of 
Princeton, was taking a prominent part 
in the ballistical work at Aberdeen 
Proving Ground. He wrote urging me 


to join the group of mathematicians 


associated with him there, but I refused, 
because my experience in ballistics was 
that of the merest dilettante and because 
I thought I could be of greater service 
elsewhere. His insistence was so urgent, 
however, and my confidence in his judg- 
ment so great that I finally agreed to his 
proposal. My surprise, upon becoming 
acquainted with the problems of his 
staff, was complete. Before the war the 
theory of ballistics contained an ap- 
proximation, valid only for trajectories 
with low initial elevations, whose appli- 
eation made it possible to integrate the 
differential equations of a projectile in 
terms of elementary functions. The 
theory was satisfactory until long-range 
guns began to be elevated above twenty 
degrees, and then it became necessary to 
revise it completely. The new methods, 
based on principles altogether different 
from the old ones, were provided by 
mathematicians and are ably presented 
by F. R. Moulton in a recent book on 
exterior ballistics containing much new 
and remarkable material which he him- 
self and others have contributed. 


The particular problem in which I was 
with others interested was the computa 
tion of differential corrections to th 
ranges of projectiles due to such causes 
as variations from normal in the tem 
perature or weight of the powder charge, 
variations from normal in the weight of 
the projectile, winds, and variations 
from normal in the density of the air at 
various altitudes attained by the projec- 
tile, and for very long trajectories the 
rotation of the earth The computation 
and tabulation of these corrections in 
form convenient for rapid use by the 
battery commander in the field is a com- 
plicated mathematical problem, and is a 
fundamental problem of range table 
construction. It is also a very costly 
and arduous one on account of the large 
variety of projectiles whose behavior 
must be studied and tabulated. 

When the initial velocity and eleva 
tion of a projectile is given the range 
under normal conditions is theoretically 
uniquely determined. But if a wind is 
blowing it may vary widely from the 
computed value, and the projectile may 
fail to reach its mark. The velocity w 
of the wind at various heights is deter- 
mined as a function of the altitude y by 
sending up a small balloon and observ- 
ing its positions at equal intervals of 
time, and the range of the projectile is 
a function of the wind-function w(y). 
I do not wish to enter here into mathe- 
matical details farther than is necessary 
to indicate that the range as a function 
of the winds is a function of a new type. 
It is not a function of a single variable, 
or of several variables, such as one com- 
monly meets in applications of mathe- 
matics, but it is a function of another 
function or, as mathematicians some- 
times call it, a function of a line. The 
computation of the first differential of 
this function is the computation of the 
wind correction to the range. 

Now the theory of functions of lines 
is on the farther boundary of the ex- 
plored mathematical domain of to-day, 
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and I for one should never have ex- 
pected it to have an application in bal- 
listics. Its methods were effective, how- 
ever, for they reduced by three fourths 
the labor in computing the most numer- 
ous corrections in the range tables, and 
the cost of these improvements in terms 
of scientific experts was negligible in 
comparison with savings which would 
presently have accrued if the war had 
continued. I may add that the impor- 
tance of accurate range tables can 
hardly be over-estimated. An improve- 
ment in a range table which might re- 
duce by one the number of shots fired 
for adjustment from a fourteen-inch 
gun in order to attain a target, would 
on each such occasion save one third or 
more of the average salary of a scientific 
expert at 1918 rates. I leave you to 
make further computations if you are 
interested. 

It seems to me that this bit of applied 
mathematics is interesting in itself and 
that it illustrates principles upon which 
I have insisted here before. No one can 
foresee what portions of the science of 
mathematics of to-day may have appli- 
cations in the future. 

I have said very little up to the pres- 
ent about the theory of statistics and 
its ever-widening field of applications 
in business and industry. Of the mathe- 
matics of the actuary I shall have little 
to say. From the standpoint of the 
mathematician much of it is elementary, 
though not by any means all. Its im- 
portance seems to me_ self-evident. 
There are plenty of instances of pension 
schemes and insurance enterprises which 
have failed because of neglect or igno- 
rance of the mathematical principles in- 
volved, and the importance of such 
enterprises to our security and happiness 
when wisely administered needs no ad- 
vocation. Without the mathematics of 
the actuary and the so-called mathemat- 
ies of finance I believe that such ad- 
ministration would be exceedingly diffi- 
cult, if not impossible. 
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There has recently come to my att 
tion an application of the theory 
statistics of a different sort which has 
interested me much and which indicat 
it seems to me, a type of indust: 
question which can be answered satisf 
torily by means of statistical theory and 
perhaps not so answered by any ot! 
means. For some time past one of n 
colleagues, Dr. Walter Bartky, has bee: 
associated with a very large manuf 
turing company as a consulting statis! 
cian. The theories with which lh: 
engaged are theories of sampling w} 
purpose is to provide methods of testing 
economically and effectively the product 
of departments or machines which turn 
out duplicate pieces in large numbers 
Shewhart and Fry, of the Bell Telephor 
Laboratories, and perhaps others 
have studied questions of this and si! 
lar character, but all these efforts 
apply statistical methods to testing pr 
lems are, I think, of comparatively 
eent date. The technical informat 
which I have comes largely from Dr 
Bartky and I am much indebted to hi 
for it. 

I can not describe the methods in 
volved in detail, but I can perhaps i 
dicate as an illustration one of th 
simpler questions which ean be satisfa 
torily answered. Suppose that a depart 
ment or group of machines is turning 
out pieces in such large numbers, per 
haps hundreds of thousands, that i 
spection of the entire product is ec 
nomically impossible. The operation of 
the department as checked by an inspec 
tion department will not be perfect, but 
will in the long run produce a percen- 
tage of defective pieces which can be 
determined. For manufacturing reasons 
it is not advisable to approve a product 
containing more than a certain per- 
centage of defectives. This percentage 
is called the tolerance percentage and is 
usually small, from one tenth of one 
per cent. to five per cent. The pieces 
come through the process of manufac- 
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ture in uniformly numerous lots, for 
each of which a number of defectives, 
determined by the tolerance percentage, 
is permissible. The numbers given in 
advance are then three: (1) the average 
per cent. of defectives produced by the 
department in the long run, (2) the 
number of pieces in each lot, and (3 

the maximum number of defectives tol- 
erated in each lot. The statistician must 
determine from these numbers the size 
of the sample to be drawn for inspection 
from each lot, and an acceptance num- 
ber, as it is called, of defectives for each 
sample, which will indicate in nine cases 
out of ten those lots which have more 
than the tolerance number of defectives. 
Furthermore, this determination must 
be made in such a way that the total 
number of pieces inspected, or what is 
the same thing, the total inspection costs, 
shall be a minimum. 

The probability formulas involved 
seem to be simple enough, but the num- 
bers occurring in them are so large that 
it is quite impractical to compute their 
values without the use of approxima- 
tions. The discovery and analysis of 
these approximations and the careful 
justification of them constitute the 
mathematical difficulties of the problem. 
It is hardly necessary to add that when 
lots detailed for inspection are deter- 
mined by a multiple sampling process, 
or when the piece produced is only one 
part of a more complicated product, or 
when the flow through the department 
is regarded as continuous instead of 
lumped into lots, the problem may be- 
come mathematically much more compli- 
eated. 

It may be interesting to you to hear an 
estimate, which is not my own, of the 
possible financial significance of the ap- 
plication of these methods. The cost of 
producing a single chart for the guidance 
of a department of inspection may in 
some cases be as much as several thou- 


sand dollars, and the annual cost of a 
statistical department may run as high 
as fifty thousand dollars per year. But 
the total costs of inspection in the con- 
cern of which I am speaking, for prob- 
lems which might be susceptible to the 
mathematical theories of sampling proc 
esses, may be estimated roughly at three 
million dollars per year. Of this amount 
the mathematicians might hope to save 
one quarter at least and possibly one 
half. The sampling costs in one depart- 
ment, where methods not yet perfect are 
in operation, have been reduced, with an 
actual gain in efficiency, from one hun- 
dred and twenty-five thousand to one 
hundred thousand dollars per year. The 
total inspection costs which might be 
amenable to such savings in a larger 
group of affiliated companies can prob- 
ably not be calculated with accuracy, but 
I am told that a conservative guess 
would be fifteen million dollars per year. 
These totals are somewhat incompre- 
hensible to an individual mathematician 
like myself who jingles only silver, and 
at times only keys, in his pocket. I en- 
joy the sound of them and should like 
to hear them talked about frequently, 
and confirmed perhaps from several 
sources. 

Of the relative effectiveness of mathe- 
matical methods as over against surmises 
in statistical problems I have no doubt 
whatsoever, and I know of no more ap- 
propriate applications of statistical theo- 
ries than problems of the type which I 
have just described. If the sums in- 
volved are as large as they seem to be 
I can conceive of no poorer policy than 
to leave the solution of such problems to 
foremen of departments, or to the com- 
mon sense or business judgment of ex 
ecutives who have limited mathematical 
experience. They are clearly mathemat- 
ical problems and should be solved by 
mathematical methods, in so far as 
mathematical methods can be devised to 
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apply to them and mathematicians with 
research interest and experience induced 
to take an interest in them. 

I have so far said very little about the 
applications of mathematics in engineer- 
ing and I hesitate much to do so before 
an audience including many who would 
be much better qualified to speak upon 
this subject than myself. But I will try 
to give you some of the impressions of a 
pure mathematician in the presence of 
the mathematics of the engineer. 

I find that practicing engineers, and 
members of engineering faculties, fre- 
quently show great reluctance in admit- 
ting that mathematics plays an essential 
role in engineering problems, though the 
books on engineering seem to tell a dif- 
ferent story. However much the engi- 


neer may prefer to avoid thinking in any 
except the most intuitive mathematical 
terms, yet there is after all an irreducible 


minimum of mathematics in his science, 
including principles of the caleulus and 
some of a more advanced type, without 
which he would be very uncomfortable 
indeed, and which are in fact in some 
form or other indispensable to him. I 
was much interested recently to find in 
print an exposition of the engineer’s mis- 
trust of mathematics, in the last chapter 
of a well-known book on the strength of 
materials. The sentiments there ex- 
pressed are not my own, and the com- 
ments on mathematics there made will 
not all stand the test of accuracy, but it 
seems to me that the attitude of mind ex- 
hibited is somewhat like that of other 
engineers with whom I have conversed 
about the matter. The keynote of the 
chapter is the adjuration to use common 
sense in avoiding mathematics where 
mathematics is inapplicable, and in 
avoiding tests where testing conditions 
do not properly duplicate the conditions 
under which the results of the tests are 
to be applied. This is wisdom to which 
I should heartily subscribe. But in def- 
erence to mathematics I should like to 
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add one further principle. It is that com. 
mon sense should also be scrupul 
avoided in places where common ser 
does not apply. No amount of commo: 
sense unaided can predict the motions 
the heavenly bodies, or construct a rang 
table, or prescribe the most economic 
and effective methods of testing unde: 
conditions such as I have 
above. 

That mathematics may sometimes b¢ 
guide and not merely a tool in engine 
ing research is well indicated in a ver 
interesting letter which I received 
cently from Dr. T. C. Fry, of the B: 
Telephone Laboratories, and whic! 
will translate in part to you in my ow 
words. If there seem to you to be « 
erepancies with the facts in my account 
please attribute them to me and 
to him. 

Pupin’s paper of about 1900 on load 
ing of electrical circuits marks an ep 
in the development of telephony. Heavi 
side had suggested the possible advar 
tages of such loading, but Pupin reduced 
these crude suggestions to exact form by 
means of a mathematical investigatior 
and checked his results experimental] 
afterward. I may say for myself that 
one of Pupin’s papers of this period 
which I happen to have in my library, is 
an exceedingly interesting application of 
what mathematicians call a boundary 
value problem for a differential equatior 
of the second order. 

Alternating current theory is in fact 
the theory of linear differential equa- 
tions of the second order. Modern de- 
velopments in this domain are due to 
Kennelly, Steinmetz, Carson, Bush, Wag- 
ner and Gustav Mie. I infer from Dr 
Fry’s letter that the applications of the 
theory to more complicated electrical 
networks lead again to boundary value 
problems of somewhat the same type as 
those studied by Pupin. 

The transmission of more than one 
telephone message over a single pair of 
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wires is accomplished by means of wave 
filters designed upon purely mathemati- 
eal developments by Campbell, Carson 
and Zobel. The enormous economic im- 
portance of this application is clear if 
one remembers that a single pair of long 
distance wires now carries as many as 
three telephone conversations and twenty 
telegraph messages all at the same time. 

The story of the first submarine cable 
across the Atlantic is dramatic. Lord 
Kelvin, who was plain Mr. Thompson at 
the time, was the scientist involved. On 
the basis of reasoning that was at least 
indirectly mathematical he concluded 
that the cable should be worked at lower 
potentials than those which were pro- 
posed by the chief engineer of the 
project. After the cable was finally 
completed the engineer acted upon his 
own judgment and the cable was utterly 
ruined inside a week. 

Within the last two years a new epoch 
in submarine cable telegraphy has begun 
as a result of the use of the new mag- 
netic material, permalloy. The chief 
credit must go to permalloy, but it 
would have cost enormous sums of money 
to find out the things which Carson and 
Gilbert deduced mathematically. A pure 
mathematician might not approve of all 
the details of the analysis used, but the 
cables have been laid, and they transmit 
four times as many words per minute as 
the best of the old sort. 

This is an impressive list of the 
achievements of mathematics in a single 
domain, indicating how intimately inter- 
woven that science is with the applica- 
tions of electrical theories in the indus- 
tries. I am greatly indebted to Dr. Fry 
for it. I have omitted with regret the 
applications of statistical theories which 
he mentioned in his letter, in some of 
which he has himself been intimately en- 
gaged, because I have already spoken at 
considerable length upon that subject. 

There is one further type of applied 
mathematics which I should like to men- 


tion. The applications of mathematics 
which I have hitherto cited, and doubt- 
less many others immediately important 
for the industries of to-day, depend for 
the most part upon the theory of fune- 
tions of a single variable. No sharp line 
of demarcation exists between them and 
the more advanced theories which I have 
in mind at this moment, but the latter 
may be roughly characterized by the 
fact that they involve functions of sev- 
eral variables instead of a single one. 
Among them are included the mathe- 
matically more intricate portiohs of the 
theories of gravitational attraction, ther- 
modynamies, hydrodynamics, elasticity, 
sound, and electrodynamics with its re 
lated theories of light. The whole lot 
may be fairly described by the single 
title, the mechanics of continua. It is 
characteristic of problems in this field 
that they lead to partial instead of ordi- 
nary differential equations, and the 
mathematical problem which most fre- 
quently emerges is that of determining 
a solution of a partial differential equa- 
tion which is well defined in a certain 
region of space, and which is determined 
uniquely by properties on the boundary 
of the region prescribed by the physical 


question whose answer is sought. Ex- 


amples of problems of this type are 
the determination of the potential fune 
tions for a gravitational field, the deter 
mination of temperature variations in a 
field when temperatures at the boundary 
are assigned, vibrations of strings and 
membranes, the determination of poten- 
tial functions for electrostatic or mag 
netic fields, and many others. I must 
admit that these problems have a great 
fascination for the mathematician, irre- 
spective of their applicability in the in- 
dustries or in neighboring sciences, and 
I am willing to make this admission in 
spite of the fact that the yielding to 
such fascinations is sometimes implied to 
be a fault rather than a virtue. 

Much work has been done by mathe- 
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maticians in the domain of boundary 
value problems, but an enormous amount 
remains to be learned about them, and 
the subject will probably never be ex- 
hausted. The further development of 
methods of computation which will make 
theoretical results of immediate service 
in the applications is highly to be de- 
sired. Until such methods are known 
we can not hope to convince fully the 
practitioner of the importance of these 
theories from his standpoint. That the 
more advanced mathematical theories 
have great value in the interpretation 
of phenomena apart from numerical ap- 
plications, however, seems to me well 
illustrated by the avidity with which 
the physicists have recently seized upon 
the theory of relativity, and by their 
restless searching for an adequate mathe- 
matical explanation of the phenomena 
of the quantum theory. One by one 


mathematical devices for this purpose 


are invented, tested and discarded, with 
a rapidity which is bewildering to mathe- 
maticians and to the physicists them- 
selves. The situation in the quantum 
theory has been described as analogous 
to that of the theory of celestial me- 
chanics just before the time of Newton, 
and it is said that a super-Newton is 
required to unravel the difficulties in 
which the physicists now find themselves 
involved. It seems to be so, and I know 
of no more likely way for a mathe- 
matician to win great reputation at the 
present time than by entering into this 
domain. The only difficulty is that as- 
eent to the pinnacle of fame is likely 
to be laborious and difficult, tenure of 
equilibrium there unstable, and descent 
unceremonious. From failures quite as 
much as from successes, however, the 
final solution will doubtless be evolved, 
and if present indications are to be 
trusted its character is likely to be 
mathematical as well as physical. 

It is interesting to notice that the 
mathematical quantum explanations 
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have been for the most part devel 
in Europe. We have at present 
America, and have had in the past, rela. 
tively few scientists of prominence d 
voting themselves to the more advanced 
domains of applied mathematics. W; 
have had no adequately populated 
school of applied mathematics 
whose membership greater minds might 
be expected at reasonable intervals 1 
emerge. Comparatively recently agita 
tion has been started for activity in this 
domain, and a beginning has been mad 
But the sympathetic support and 
preciation of practicing mathemati: 
and engineers, of the pure mathema- 
ticians, and of scientists in other neig 
boring domains is urgently needed. 

In conclusion let me set forth th 
three hopes which I have desired 
further in some small way by the prepa- 
ration of this paper. I am hoping first 
that the caleulus, which is so important 
in the immediate applications of mathe- 
matics to-day, may be presented earlier 
and more clearly in our college curricula, 
and that it may become a familiarly con- 
venient tool and friend to the practicing 
mathematician, instead of a stumbling 
block and barrier. In the second place, 
I am hoping that avenues of 
munication between the industrial and 
mathematical worlds, numerous and 
broad and open, may be constructed, 
and that traffic in ideas and fluidity o! 
adaptation of such ideas may be freely 
encouraged between the two. My third 
hope is that we may have in America 
a well-populated school of applied 
mathematics with corresponding activity 
of interest in the applications of mathe- 
matics in all their phases, a school which 
in personnel and numbers shall be com- 
parable with the dignity of our repre- 
sentatives in the other sciences. Begin- 
nings have been made, but encourage 
ment and appreciation are necessary 
from all of us, even if results achieved 
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do not fit perfectly into our individual 
scientific or practical needs. 

I have been speaking for mathematics 
in response to the request of your chair- 
man, and because it is the only science 
which I could in any way adequately 
represent. But it would be a very nar- 
row mind, it seems to me, which be- 
lieved that mathematics, or any other 
science, has a uniquely fundamental 
réle to play in the interpretation of the 
universe Of phenomena about us. The 


keynote of our age is cooperation, and 
for the scientist that means cooperation 
in the restless and inevitable effort of 
the human race to transform a life of 
slavery into one of mastery, as far as 
may be possible, of the natural forces 
in which we find ourselves immersed. 
I shall be satisfied if I have indicated 
with some degree of clearness the desire 
of mathematicians, as members of a 
much larger community of natural sci- 
entists, to aid in that transformation. 


PUBLIC HEALTH 


By Professor RANDLE C. ROSENBERGER 
JEFFERSON MEDICAL COLLEGE, PHILADELPHIA 


WHEN we become reminiscent and 
think of the appalling death list attribu- 
table to typhoid fever alone, it certainly 
looks at the present time that many lives 
may have been saved. 

This monster of super Gargantuan 
proportions with seven (or more) league 
boots, stepping here and fouling a water 
supply; again leaving a filthy spot or 
area for flies to breed; or, for some poor, 
uneducated people to come in direct con- 
tact with and thus spread infection, we 
believe, and the statistics also prove, that 
this monster can be held in check. 

C. Macfie Campbell in his monograph 
on delusion and belief says that ‘‘man is 
no longer impotent in the face of devas- 
tating forces of disease, but by master- 
ing the nature of these forces and study- 
ing his own bodily resources he has 
erected cunning defenses. ’’ 

The ‘‘mastering the nature of these 
forces’? and ‘‘erecting cunning de- 
fenses’’ has been the result of problems 
solved principally by sanitary engineers. 

An engineer is described as being one 
who carries through an enterprise or art- 
ful contrivance. 

The artful contrivances must be in- 
ferred to mean those that are performed 


or are characterized by art or skill or 
both. 

Again, an engineer is described as 
being an efficient manager, so, taking the 
meaning of the terms we have in the 
most liberal form an engineer is one who 
sarries through or manages by skill or 
art, or both, some enterprise or feat. 

This enterprise may be one that com- 
prises the selection of a water supply of 
a town or city; it may mean the disposal 
of sewage, garbage and other like wastes; 
it may mean the disposal of, or disposal 
and recovery of irritating or poisonous 
dusts and fumes; it may mean the per- 
fection of a model building or factory 
where workmen or laborers may work in 
safety; it may be the perfection of an 
apparatus or equipment for the proper 
handling of such foods as milk, eggs, 
gelatin, ete. Besides these projects we 
may include the methods introduced for 
the destruction of mosquitoes and for 
their eradication; insuring the safety 
and purification of the supply of cows’ 
milk as well as methods for the preven- 
tion of disease and death in the various 
industries. 

Thus it is seen that these multiplied 
engineers comprise a great army tending 
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in the main towards the prevention of 
disease and prolongation of life from 
many angles. 

The results attained by engineering 
feats for public health are numberless 
and diversified, but particularly out- 
standing are those brought about where 
certain diseases have been stamped out 
and eradicated, in some instances, for- 
ever. 

In the early days when infectious dis- 
eases were thought to be brought about 
by miasms or humors, where pioneer 
work was instituted, especially in the 
purification of water and disposal of 
sewage, these pioneers for health were 
indeed great engineers for the cause of 
humanity. 

The work of Virchow in Germany was 
a most noteworthy example of sanitary 
engineering, and in our own country the 
efforts of Osler in preventive medicine, 
especially in the infectious diseases, were 
inspirational in what has been estab- 
lished along this line. 

Naturally, one of the greatest and 
most widespread beneficent engineering 
projects is the establishment and main- 
taining of a pure, wholesome, safe water 
supply. 

This, one must bear in mind, takes into 
consideration the actual or absolute 
source, and while directing it into its 
proper channels for household consump- 
tion, it must remain unpolluted either 
from an animal or human source. 

It must also be borne in mind that a 
reserve supply of this water must be 
housed or stored in reservoirs, which 
reservoirs must be constantly inspected 
and really guarded to prevent any con- 
tamination or pollution of this food stuff. 

This, in my mind, is a great and won- 
derful engineering feat, to harness a 
water source and shed miles and miles 
away from a town or city, and prevent 
its contamination up to the actual con- 
sumption of the product! 


On the other hand, the purifi 
a polluted or contaminated wat 
mechanical and chemical means, 
it is a measure of making the wate: 
from a bacteriological standpoint, ; 
nearly such a wonderful feat as 
actual selection and maintaining 
pure and undefiled water for all h 
hold purposes. 

Together with this problem n 
linked the swimming pool, whicl 
thanks to sanitary engineering 
keeps the water as clean as the wat 
drink. 

Coincident with the purificat 
water and equally important 
health is the proper and safe disposal 
sewage and wastes. 

The habit of dumping garbag 
sewage into the ocean or inland 
a makeshift and should not be tol: 
in any large community. 

Nuisances no doubt result from 
practices and diseases may be disse! 
nated. 

At the present time any first 
municipality should erect and maint 
proper disposal plants for sewage 
wastes other than sewage. The inst 
tion of incinerators or destructors 
rubbish is the surest method of dis 

The Beceari system of garbag 
posal is a most ingenious and desi! 
method of ridding municipalities « 
offal. I think it is also a most wo 
ful achievement in the eradicatior 
prevention of hookworm disease. 
rally, this has been primarily a pr 
of education, but it has as well bee: 
engineering problem, in the dispos 
excreta and the prevention of soil | 
tion. 

Thousands upon thousands of 
have been saved and others better 
the methods laid down by the Inter 
tional Health Board in the manage! 
of the hookworm problem throug 
the world. 





PURE SCIENCE AND ENGINEERING 


In industries, where arise quantities 
of dusts of many metals, where vapors 
and gases in the manufacture of mani- 
fold products are generated, an ingeni- 
ous process for the removal of these 
dusts and gases and their recovery from 
the working atmosphere is abundantly 
and suecessfully accomplished by means 
of the Cottrell electrostatic process. 

The wearing of masks, goggles and 
helmets are a decided and added protec- 
tive measure against these poisonous 
and offensive suspended materials, to- 
gether with exhaust devices. 

From many industries the air is pol- 
luted by smoke and particles of carbon, 
and at the present time devices have 
been perfected for the recovery and dis- 
posal of these gases and solid particles 
which otherwise would be deleterious to 
health. 

In these days of subways and tunnels 
great engineering problems take into 
consideration the safety of travel, by 
ridding the atmosphere of vitiated and 
poisonous gases and installation of de- 
vices for proper ventilation. I do not 
think it at all amiss if mention is made 
of the efforts of municipalities in the 
adoption of devices trying to solve the 
question of safety in the momentous 
question of traffic problems. 

Apart from the dust and gas remov- 
ing appliances, one of the greatest engi- 
neering procedures in industrial hygiene 
and medicine is the physical examina- 
tion of prospective workers and the 
periodic examination of those accepted 
for such work. Were it not for these 
overhaulings many grave insidious forms 
of poisoning would take place; or many 
fatalities would occur in individuals 
engaged in the construction of founda- 
tions for bridges or tunnels, if the work- 
ers were not properly selected. 

Even in time of peace this method of 
selection of healthy and suitable men is 
going on to keep our quota in the army 


JZ 


Apart from 


periodic 


and navy in fit condition. 
this phase, the suggestion for 
health examinations of individuals in all 
walks of life is an instance of conserva 
tive engineering 

Again, regarding industrial 
worker, think what the engineer of health 
has in supplying the it 
worker with a workshop 
the so-called sunlight wa 
date ventilating systems! 
light, right at his loom, his 
grindstone, his furnace or his 
bench. No dim lights, no uriguarded 
stairways, no unguarded belts 

In their stead we have proper equip 
ment, proper tools, efficient safety de- 
vices for all machinery; rest 
periods and real rest rooms for relieving 
tension of all kinds. 

Another problem in industries as well 
as in ordinary walks of life 
pertaining to tuberculosis 
another question that 
very much, and he was among the first 
to put forward plans and organize for 
the study and prevention of this disease 

Trudeau in Saranac was, as we know, 
a pioneer as well as engineer in the out- 
door fresh-air treatment for this disease, 
and from that modest but earnest effort 
there arisen the sana- 
toria for the study and treatment of this 
plague. 

From the progress noted in the insti- 
tutional care of these cases we know that 
we are getting the better of the disease. 

To-day we have also the 
question of engineering a project where 
the children of tuberculous parents may 
be segregated from the parents where 
ignorance regarding dissemination ex 
ists and the environment is not suitable 
for proper development. 

In a number of instances where tuber- 
brought 
about by dusty occupations, it was found 
by surveys made of the industries, as 


done dustrial 


r room, with 


( 
] 
i 


ls and up-to- 
Natural sun 
desk, his 
work- 


or saws! 


sorts of 


is the one 
This 


interested 


was 
Osler 


has numberless 


pertinent 


culosis was said to have been 
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well as the homes of the workers, that 
the home life and environments were far 
more to blame than the industry itself 

We are all familiar with the beneficent 
action of the ultra-violet rays as a bac- 
tericidal agent, and to-day the adminis- 
tration of sunlight both natural and 
artificial to patients with tuberculous 
diseases is followed by wonderful recu- 
perative effects in these cases. 

Is it not also a wonderful procedure 
at present, where the patient is treated 
in a room which is lighted by panes of 
glass which filter out the red rays, and 
thus the beneficial rays play upon the 
diseased body for any length of time 
desired ! 

Passing from the industrial workers 
our next consideration is of one of the 
most widely used foods and one that we 
can not at present curtail. I refer to 
milk; its production; its handling; its 
present treatment; its preservation, dis- 
tribution and consumption. No one will 
gainsay that, next to mother’s milk, it is 
the most important food for the infant 
and growing child. 

To-day we are making wonderful 
studies in the adoption of the so-called 
accredited herd system in the dairy in- 
dustry and until this is generally, or I 
might say, nationally adopted, our 
attempts at proper pasteurization must 
be upheld to the letter. 

The farmer is in some cases the 
stumbling block in testing his cattle 
against the disease, tuberculosis; but he 
must be taught, the public must be 
taught the danger from one diseased 
animal (which looks particularly 
healthy) in a herd of five or six cattle, 
or in a herd of fifty or more. 

The tuberculin test is the best method 
we have at present in the detection of 
tuberculous disease in cattle, and where 
no naked eye lesion of the disease is 
apparent in a reacting animal, an unen- 
lightened person may condemn the test. 

It is true we do have such reactions 


occurring in some animals, but 
scopic studies reveal the diseas: 
Cases. 

If we can not at present obt 
milk supply from animals fre 
ease, then our next best procedur 
proper pasteurization of the 
That is, the milk must be held at ¢ 
for at least thirty to thirty-five 
although the laity does compla 
the cream line is not as deep in ; 
in another dealer’s milk. 

The handling of milk to-day 
many receiving stations in the . 
districts in the thermos-bottle-li 
and the pumping of the milk int 
cars does away with a great dea 
and other extraneous materials 
reached the product in the old 1 
of handling. 

After an inspection of many 
date receiving stations and past 
plants, it is my opinion that 
outlay of money for equipment 
buildings, with up-to-date machin: 
the pasteurizing and bottling 
distribution of milk, these dealers 
doing their utmost in conforming t 


rules laid down and the suggest 


made by local as well as state boar 
health for the proper pasteurization 
measures for the proper distribut 
a safe milk for all purposes. 

The same words of commen 
could be made regarding the maki: 


milk products, such as the vai 


brands of dried milk upon the m 
These are engineering feats pur 
simple and all done for the mainte: 
and preservation of health. 


The examination of those engaged 


the dairy business, as to their el: 
ness, their present health, their pr 


health and the possibility of a cart 


as of the typhoid bacillus, is a1 
procedure in the prevention of 
spread of infections. 

The addition of the mechanical n 
to the dairy is another step in th: 














iene of the dairy, but care must be 
exercised that it be cleaned properly and 
receive attention such as any other 
mechanical device. 

Other foodstuffs might be mentioned 
and one, I might dwell upon for a mo- 
ment, is gelatin. 

I remember, years ago, when examin- 
ing the finished product that millions of 
eolonies of various bacteria and moulds 
would be encountered. To-day, through 
proper handling of the product, the dis- 
posal of dusts and the refrigeration 
mé thod of eutting the ribbons of gelatin, 
, sterile product is produced quite regu- 


larly without the addition of any acids 
or preservatives. 

Passing from foodstuffs, we will next 
consider engineering in medicine toward 
the prevention of diseases brought about 
by insect dissemination. 

We need not again repeat, at this 
time, the names of the heroes who gave 
their lives in the interest of science, to 
prove upon themselves or working di- 
rectly with the diseases, that dissemina- 
tion takes place by these agents. 

The most wonderful discovery, in my 
mind, was in the yellow fever problem, 
where it was proved, after thousands of 
lives had been sacrificed, that a certain 
mosquito must bite a person before he 
contracted the disease. 

The final steps in the completion of 
the Panama Canal could not have oc- 
eurred, except for the epochal study in 
yellow fever and its dissemination. 

Of course the dissemination of ma- 
laria by other mosquitoes was known, 
but the disease was not so fatal as yel- 
low fever. 

The knowledge gained by tracing the 
dissemination of diseases by insects nat- 
urally led to the destruction and eradi- 
cation of these pests and the culmination 
of many engineering feats apart from 
the Panama Canal were accomplished. 

The exact knowledge regarding the 
distribution of the tsetse fly is another 
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point which from the standpoint of ca 

tle raising with its many side issues, and 
the propagation of disease in man, 
speaks very well for the sanitary eng 

neers in keeping these areas fre 
these flies 

The method of treating the surface of 
ditches, pools and streams with crude oi 
and various mixtures of crude oil for th 
suffocation and poisoning of 
insects was indeed a won 
ing project. Imagine what a feat it is, 
where a dust containing one part of 
arsenite of copper per hundred, applie 
to breeding places of anopheles or ma 
laria-bearing mosquitoes, acts specifically 
upon the larvae of these mosquitoes but 
does not affect the larvae of other va 
ties or the larvae of flies 

The method of distributing poisor 
from an aeroplane was ingenuously 
novel, and according to reports very suc 
cessful against the destruction of thes 
disease-disseminating insects, as well as 
others. 

Going hand in hand with the dissemi- 
nation by insects is the possibility ol 
rodents spreading infection, either by 
their bite er by harboring insects and 
other parasites. This has led to the 
building of ratproof buildings, such as 
storage houses, which has kept the 
propagation of rats down considerably. 

Now, regarding one big phase of dis 
ease prevention, though it is in the con 
sideration of little things—children—the 
methods to-day that have been brought 
forward in the curing, as well as in the 
prevention of rickets by ultra-violet 
rays and increasing the potency of cod 
liver oil is an epochal achievement. The 
organization and establishment of vari- 
ous societies for the prevention of tuber- 
culosis and the prevention of cardiac 
disease stand out as two very important 
links in the chain of engineering for 
health and prolongation of life. 

While compulsory vaccination against 
smallpox absolutely protects us against 
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epidemics of this disease and the anti- medicines and appliances whic! 
toxin of diphtheria and antitoxin of ate suffering and make hun 
tetanus prevent and cure these diseases; happier. 

and the administration of various con- One of the many things y 
valescent sera against communicable dis- being worked upon now is an ap) 
eases, while not specifically recognized or appliance to enable the deaf 
nor spoken of as engineering problems nd the dumb to speak. 

yet, when analyzed, are just as great In summing up the results of t] 
engineering feats and accomplishments ous agencies at work in the pr 
in the prevention of diseases as the puri- of disease. in protecting an = 
fication of the water supply or the and in teaching the methods of 
proper disposal of infectious wastes or living to our growing populati ve 
re dusts. , manifest that the corps of engin 

Mention alone can be made of the 
work that is being done by our fellow 
scientists, the chemists. I say chemists 
broadly, because by specializing any 
branch of the science we certainly per- 
chance miss one or two of them. 

These busy bees of our life delve into 
every phase and question of our living; 
they dissect, inspect and recommend the 
things we eat, the things we wear and 
peer into the most important aspects of 
light and heat. 

Chemical engineers are turning out 
products every day, some of which never 
existed before, and determine means of 
water purification for the sanitary engi- 
neer; and, for the civil engineer, testing A word of praise, which I think 
water-purifying substances to prevent well deserved, should be given to 
corrosion of boilers and pipes and thus school teacher, and the social worker 
bring up a question of life saving and well, who many times have had 
conservation. as parent and teacher to many c! 

We are also indebted to them for the who lack this very important link in t 
perfections of the X-ray machine, for developmental years of their lives 


a large one, the sanitary engine: 
chemist and the physician beir 
cially prominent in playing 
the health of the world to-day. 
The public must he educated a: 
can not be done by posters wit 
tesque, fanciful and sometimes c 
or silly legends or slogans. The « 
tion must begin with the child, at 
as well as at school, with pr 
demonstrations. 
In many instances parents are taught 


by their children who have gotten 
sons in cleanliness, health and well 


from their teachers at school. 


PSYCHOLOGY 


By Dr. J. MCKEEN CATTELL 


FORMERLY PROFESSOR OF PSYCHOLOGY IN THE UNIVERSITY OF PENNSYLVANIA AND COLUM 
UNIVERSITY ; CHAIRMAN OF THE DIRECTORS OF THE PSYCHOLOGICAL CORPORATION 


1A 


THE alphabetical order of the sciences organized body of knowledge 
in this discussion places astronomy first earliest stages of civilization. The 
and psychology last. This is also the endar and the measurement of time 
historical order of their development. use of observations of the heave! 


The facts of astronomy, based on ob- bodies in surveying and navigation, ! 
servation and measurement, formed an to speak of soothseying and astrolog 





PURE SCIENCE AND ENGINEERING 


were among the earliest applications of 
science. Psychology has become a sci- 
ence only in the course of the last fifty 
vears. I have special interest in the 
circumstance that the first professorship 
of psychology was established at the 

University of Pennsylvania in this city 
thirty-eight years ago. Applied psy- 
chology and psychological engineering 
are in the main problems of the future. 

While psychology is the most recent of 
the sciences on this program, its subject- 
matter has long engaged both philosoph- 

al speculation and the interest of the 
every-day man. As we now see it, or at 
least as I see it, psychology is the science 
of how individuals think and act. This 
was the principal concern of primitive 
man, as indeed it is of the lower animals. 
Each is interested before all else in his 
own mental life, in his own behavior 
and the behavior of others. Satisfaction 
of desires and wants, aversion to pain 
and danger, exist at the outset of life. 
The control of behavior also begins early 
in the animal series and in the new-born 
individual. Young animals learn by ex- 
perience to adjust their movements to 
satisfy their needs, and with the same ob- 
ject they seek to influence the behavior 
of others. 

When such is so clearly the case, it 
may seem at first sight surprising that 
the seiences, both curious and useful, of 
matter and energy should have had an 
earlier origin and a more systematic de- 
velopment than the biological sciences, 
while psychology is only now taking its 
place among the descriptive sciences and 
has witnessed but its first beginnings as 
an applied science. The explanation is 
in part the difference in complexity and 
stability of the objects of the several sci- 
ences. Matter is plastic to experiment 
and measurement; minds and behavior 
elude experimental and quantitative 
methods. The known performance of 
the solar and stellar systems since the 
beginning of astronomy is less compli- 
cated than the play of a child for a day. 


Another reason for the late 
ment of psychology is that it 
satisfy minds and to control 
altering the environment than by alter 
ing individuals. The savage could shoot 
an arrow from a bow or 
with a lever more readily than he could 
He could 


rn thar 


IS easier to 


be hav 10rT by 


move a stone 
strengthen his own right arm 
obtain food better by planting « 
by developing his skill as a hunter 

By increasing economic 
lictiml 


so it is to-day. 


production and improving the distrl 
tion of wealth, we can do more for th 
welfare of people than by trying to teac!] 


them to be virtuous and wise 


Engineering has a ce} 


+2} 
Lil 


psychology in its early ust 
a pro- 


r 
1 raced 


development into a science and 


fession. As psychology may be 
back beyond the first use of language as 
a means of communication, so engineer 
ing is as early as the first use of tools 
Engineering works of great magnitude 
were constructed by the Egyptians and 
But in the modern period 
] 


the Romans. 
for six hundred years theology, law an 
medicine were the schools of the univer- 
sity. The first engineering 
were established only a hundred years 
ago. In this short period engineering 
has become the profession that is most 
hased on 


schools of 


securely 


useful and most I 
science. 

A painting in the library of the Engi 
neering Society’s Building in New York 
bears the inscription: ‘‘ Engineering 
the art of organizing and directing men 
and of controlling the forces and mate- 
rials of for the 
human race.’’ According to this defini 


tion, chosen by engineers, the relations 


nature benefit of the 


between engineering and psychology are 
The selection, training and di 
recting of men are problems of applied 


close. 


psychology ; it is also for psychology to 
determine what does in fact benefit 
human race. In using the forces 
materials of materia] nature engineering 
has become an exact science; in its re- 
lation with human nature engineering 


the 


and 
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works by the rule of thumb and will teach them to walk and to tall 
continue to do so until it can use an quite possible that there woul 
exact science of psychology. more crime in the world if cou 


On the one hand, engineering is de- prisons had never been invented 
pendent on psychology; on the other These partial failures to alter 
hand, the objects of applied psychology, nature by direct appeals to « 
namely, the control of the behavior of ness are quoted to emphasize t 
individuals, have been advanced by engi- that applied psychology is 
neering, invention and industry to an with the total relation of the 
extent incomparably greater than by tothe environment. We can tr 
anything that psychology has been able the individual; but we can acco 
to accomplish. The applications of sci- more by altering the physical w 
ence, by quadrupling the wealth that which he lives, perhaps most 
each can produce and by doubling the altering the relation of an indi 
average length of life, have completely his surroundings. As moden 
altered our civilization and the way that has made more progress in the d 
each of us reacts to it. of disease than in its cure, so psyc!} 

The economy of labor and of life can determine the intelligence of : 
which science and invention have a soldier or a congressman mort 
wrought has abolished slavery and _ than it can increase it. In like n 
serfdom. It has made unnecessary as medicine and public hygien 
productive labor by children and has more for the health of peopl 
made possible their universal eduea- viding surroundings that are s 
tion. The wealth of society is now than by curing diseases that | 
sufficient to support adequately every contracted, so psychology can 
child, to give it the education that by placing individuals in surrom 
opens the gateway to the career for where they will act in the wa) 
which it is fit, to provide equality of wanted, than by attempting to 
opportunity and a true social democracy. individuals so that they will 
Applied science, based in large measure more desirable way. 
on scientific research whose utility was The control of thoughts and bel 
not at the time obvious, has been the has been undertaken by the churches 
cause of the political and social insti- schools, the laws and the rest in orde: 
tutions that we have and of the lives accomplish definite results that 
that we lead. garded as desirable, but they 

[It appears that engineering and the largely failed because it is diffi 
applications of science have done more ehange human nature. Individu 
to control our behavior than efforts made birth have definite constitutions 
with this object directly in view, such as_ will react to their surroundings 
those of the churches, the schools, the cordance with them. What we « 
courts and the state. It may be argued is to place them in situations wher 
plausibly that the ten commandments’ will behave as nearly as their cor 
would have been broken no oftener, that tions permit in the way that w 
the precepts of the sermon on the mount By changing the surroundings v 
would have been followed no less rarely, trol behavior most effectively. T 
if the churches had never existed. It what engineering and applied s 
may be that it is as futile to herd chil- have done, but they have advanced v 
dren in pens to teach them their R’s as_ out special reference to the kind of 
it would be to use similar methods to tal life and behavior that will 














What we need is a science that will co- 
linate all efforts to alter human 
nature or to control conduct with the 
tects of all changes in the environment 

t alter our behavior or increase wel- 
fare. This is the business of psychology ; 
that so little has been so far accom- 

shed does not relieve us of responsi- 
1 lity for the future. 

Nearly all psychologists have been 
teachers, and those engaged in research 
have nearly all been university profes- 
sors. It is consequently natural that 
the first and most extensive applications 

f psychology have been in education. 
These have covered a large range of 
teaching and learning, but have been 
most exact and useful in selecting chil- 
dren for the work that they can do to 
best advantage. Probably more than five 
million tests were made this year in the 
schools. These tests have great advan- 
tages over the usual examinations in 
that they put measurement in place of 
opinion and aim to determine what a 
student ean do rather than what he has 
already learned. 

The most extensive use of psychologi- 
eal tests in the United States outside the 
schools was in the army where some 
1,800,000 recruits were examined. Al- 
though the tests used were not adjusted 
to determine who would make the best 
soldiers, they proved useful in selecting 
objectively those at the upper end of the 
eurve of distribution who were officer 
material, those at the lower end who were 
unfit for any kind of service. Most 
army officers were converted to the util- 
ity of the tests, which is certainly strong 
evidence in their favor. 

The proved usefulness of psychological 
tests in schools and in the army might be 
expected to lead to their general use in 
industry, but this is not yet the situation. 
In Germany tests are used in the selec- 
tion of apprentices for a number of 
trades; in Paris taxicab drivers are re- 
quired to pass an examination by the 
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municipality ; in the Unit 
are given by a number of corporations 
The intelligence tests of the school and 
army type are especially applicable to 
clerical workers. I have asked a number 
of people of competence in business and 
affairs how much they think productior 
would be increased if « individual 
from the moron to the genius were given 


the work that he could do best. were 
trained in the best way to do it, and 
the conditions were made such that it 


could be done to best advantage The 
estimates vary from ten to a thousand 
per cent., which represents a large range 
of ignorance, say the difference between 


an increase of the wealth 


produced by 
the nation of from ten to a thousand bil 
lion dollars a year. Surely it would be 
worthwhile to determine which of these 
estimates, if any, is correct and then to 
adopt the measures necessary to pro- 
duce the additional wealth, with a pro 
portional increase in contentment and 
happiness. 

Psychological experiments have been 
earried forward in many directions 
which directly concern engineering and 
industry, and in turn engineering and 
industry have developed methods which 
contribute to psychology, such as the 
Taylor system, employment management 
and industrial engineering. Among in 
numerable problems that psychology, 
engineering and industry have in com- 
mon are the desirable hours of labor; 
the most efficient movements; interest, 
enthusiasm and imitation; all conditions 
favorable or unfavorable to work or 
other forms of activity, including ven- 
tilation, heating and lighting; food, al 
cohol, coffee and tobacco; rest, play and 
sleep; posture and strain in employ- 


ments; conditions of fatigue and safety 
An Institute of Applied Psychology in 
England and a Psychological Corpora- 
tion in the United States have been estab- 
lished to forward research in psychology 
and its applications. Our organization 
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has the cooperation of practically all 
American psychologists with branches 
and stations in forty-two states. We can 
thus look for the rapid development of 
the useful applications of psychology and 
its closer coordination with engineering 
and industry. 

As psychology and engineering are 
closely interwoven, so it seems to me are 
the useful sciences and the sciences 
ealled in this program ‘‘pure.’’ There 
is a clear distinction between the 
applications of knowledge that we have 
and the acquirement of new knowledge, 
between the physician who uses known 
remedies to alleviate disease and the 
pathologist who advances knowledge of 
causes and remedies, between the builder 
of bridges and the engineer who makes 
new designs. As there must be division 
of labor between the psychologist and 
the engineer, so there must be among 
mathematicians, physicists and psycholo- 
gists who on the one side seek to ad- 
vance science without regard to its ap- 
plications and engineers who on the 
other side find new ways of applying 
knowledge. But the methods are the 
same and the men are sometimes the 
same. 

Kelvin and Pasteur are notable ex- 
amples. The former was a great mathe- 
matical physicist and at the same time 
made inventions and engaged in the 
practice of electrical engineering. Pas- 
teur founded the science of bacteriology 
in direct work on practical applications 


—the fermentation of beer and win 
diseases of silkworms, chicken c} 
anthrax, rabies. In like manner L 
discovered antiseptic surgery, a1 
great German pathologists, Koch, B. 
ing, Ehrlich and the rest, made 
contributions at once to science an 
human welfare. As Pasteur remar 
‘‘There is no greater charm for t! 
vestigator than to make new discove 
but his pleasure is heightened wher 
sees that they have a direct appli 
to human life.’ 

In the short interval at my dis; 


it has seemed better to discuss some ger 


eral relations between psychology 
engineering r: ‘her than to undertak: 
describe specifi. cases of the applic 


of research in psychology to engineering 


practice. A review of psychology i: 
dustry by Dr. M. 8. Viteles, of this 
printed in the Psychological Bullet 
November, quotes 360 recent pul 
tions. A critical summary of these 
detailed review of almost any one 
them would take us beyond the limits 
the present discussion. What it s 
most worthwhile to emphasize is 
close relation and the mutual int 
pendence of psychology and engineer 
The body of knowledge is a whole 
the human body. Aristotle said | 
ago that a hand apart from the rest 
the body is no longer a hand. So ea 
science exists in large measure in r 


tion to others; psychology and enginee! 


ing are members one of another. 


ne 





WHAT TRANSPIRES IN THE KINGDOM OF 
RESEARCH 


By T. SWANN HARDING 


BELTSVILLE, MARYLAND 


Ir would be curious to know just how 
the intelligent layman regards the mi- 
nutiae of research, how he thinks that 
the investigator puts in his time. To the 
investigator himself such laymen appear 
to regard research as an esoteric prov- 
ince of flaming magic wherein ordinary 
men divest themselves of monotony and 
routine, slip on genius like a smock, then 
discover, enlighten and synthesize higher 
civilization. Yet the investigator very 
often feels like some inept animal roam- 
ing a strange and forbidden environ- 
ment, condemned to entirely too much 
routine and proceeding, not very rap- 
idly, nowhither. He does not, custom- 
arily, sense the glamor which induces the 
layman to declare so glibly that ‘‘re- 
search must be very interesting.’’ 

Just what is research, anyway? Pre- 
cisely how do these bewildered primates 
carry on in their sacred precincts? 
There is much plausible reason for igno- 
rance on the part of the intelligent lay- 
man because no one seems yet to have 
thought of the very simple expedient of 
tracing out for him the pursuit of 
“truth’’ in a specific instance. This ex- 
position should be both diverting and 
enlightening to intelligent people who 
often wonder what on earth investi- 
gators actually do in their laboratories, 
besides smoke cigarettes, that is. The 
writer will therefore endeavor to give in 
common or garden language an authen- 
tie account of one investigator’s travail 
as he sought to solve a problem. His 
slight triumphs, his frequent and pain- 
ful rebuffs seem not devoid of interest to 
the gentry and intelligentsia. The writer 
has intimate knowledge of the work out- 
lined herewith. 


Since all present-day research prob- 


lems are of necessity small corners and 
fragments of much larger problems, a 
slight introduction will be necessary for 
the understandable presentation of this 
investigator’s actual work. Since this 
introduction will deal with a phase of 
nutrition chemistry which is too often 
inaccurately presented to the public, but 
which is and informative, 
and since its presentation will clearly il 
investigator finds and 
this 


interesting 


lustrate how an 
attacks a problem, 
seems justifiable. 

As Fischer discovered, the proteins we 
eat do not enter as such into our living 
tissues. In fact proteins can not nor- 
mally penetrate the adult intestinal wall. 
They do permeate it in early infancy, 
for the first milk secreted by a 
mother, the colostrum, containing valu 


preliminary 


very 
able substances protective against infant 


diseases, presents these substances, or 


‘‘antibodies,’” in a protein named 
‘‘globulin.’’ Globulin has to penetrate 
the intestinal wall in order to do its pro 
tective work. But when a protein gets 
through the intestinal wall of an adult 
it simply starts trouble; it is toxie and 
gives rise to symptoms of poisoning each 
time this leakage occurs 

Thus some persons can not eat eggs 
without subsequent illness, due to the 
fact that their intestinal walls are per 
meable to egg protein, which, entering 
their blood stream as such, causes illness 
This phenomenon is called ‘‘allergy’’ 
and it is also responsible for such dis- 
eases as asthma and hay fever when the 
protein permeates the tract. 

Proteins are, therefore, broken down 
in digestion by enzymes like pepsin, and 


respiratory 
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the proteins of the tissue are rebuilt 
from these simpler compounds, some- 
where and in some as yet unexplained 
fashion. In fact an animal is very par- 
ticular about the character of its tissues 
and of its secretions—milk, for instance. 
The constitution of the proteins in an 
animal’s tissue differs from animal to 
animal, from organ to organ. Indeed, 
there is constantly accumulating evi- 
dence that the chemistry of bodily tis- 
sues differs from individual to indi- 
vidual. Biological tests lead us to think 
that the structural proteins of each spe- 
cies of cell have highly individualized 
peculiarities. 

It is highly probable, then—for there 
is also room for a wide variety of micro- 
scopical variations, too, that the proteins 
of no two humans ever have precisely the 
same composition. It is not pure specu- 
lation either to extend this diversity to 
such things as brain and nerve tissue, an 
elaboration which may account for many 
personal idiosyncrasies, for fixed ideas, 
beliefs, prejudices and relative immuni- 
ties to reasoning. 

How is such infinite diversity pro- 
duced? Proteins are made up of smaller 
units called ‘‘amino acids.’’ These are 
the ‘‘ building stones’’ of all body tissue. 
There are about twenty of them. In- 
gested proteins are broken down into 
amino acids during digestion; as such 
they permeate the intestinal walls into 
the blood stream. Then, as this red me- 
dium, which is to us precisely what sea 
water is to lower living organisms, bathes 
our living cells, the cells, with astound- 
ing selective accuracy, extract from it 
precisely the particular amino acids they 
need to rebuild the tissue in their imme- 
diate vicinity. For cells are simply 
chemical compounds endowed with the 
capability of reproducing themselves. 

Tissue prvuteins are, then, very com- 
plex chains of amino acids hooked to- 
gether. As Leathes, the physiologist, 
recently pointed out in the Lancet (Au- 


gust 7, 1926) if you allo 
approximately fifty link 
dous sized protein mol 
fact, one of modest pro 
you assume the existe 
amino acids, each one ¢a 
ing at any point in th 


w for a ch 
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bilities of variation int 
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Oo enorm 
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mutation. The span of 


the wm 


three hundred thousand light 


This figure, even expres 
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sibilities for variation 
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In short, th 
in the pl 


molecule of quite ordinary complex 
almost approach infinity. 


In spite of what may 
press it is an actual fac 
function of most of the 
acids is to-day unknow 


be fom 

*t that the 
individual an 
n. We ear 


tell how most of them limit the orga 


by their absence from o 


ur food. On 


them, glycocoll, ean be synthesized 
cm I 


the human body, for casein, whic 


glyeocoll altogether, and 
a complete protein for 
haps other amino acids, 
also be synthesized by 
know, so ignorant are 
chemical reactions. 

We do know somethir 
the function of five ami 


yet proves to 
nutrition. Per 
like alanin« 

us, We do 


we of our 


1g definite al 
no acids, namé 


—tryptophane, lysin, histidine, argir 


and cystine. 
Zein, the protein of 
tryptophane and lysin. 


corn, lacks bot 
Willeock 


Hopkins found that animals died in 
torpor when zein was the only prot 
fed them. The addition of pure trypt 
phane to zein enabled the animals to liv: 


(i.e., established mainte 


nance) and 


addition of lysin enabled them to gro\ 
Adding tryosine, another amino ac 


had no effect whatever. 


Hence trypt 
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nhane is absolutely essential to life, lysin 

is essential to growth and tryosine ap- 

nears to be quite dispensable. 

- Osborne and Mendel, excellent but too 

little known investigators, assuming that 

gliadin (the protein of wheat and rye 
ntained a negligible amount of lysin 

16 per cent.) concluded that lysin was 
not needed for maintenance because ex- 
perimental animals lived on _ gliadin. 
But their results were later invalidated 
by an analysis which showed 1.21 per 
eent. lysin in gliadin, sufficient for main- 
tenance, anyway. It is interesting also 
to know that they were, at this time, 
feeding a ‘‘ protein free’’ milk which was 
later discovered actually to contain one 
half the maintenance requirement of 
amino acids for young animals. This all 
indieates the pitfalls of physiological re- 
search. Nevertheless, it is established 
that lysin is necessary for growth. 

Ackroyd and Hopkins, as well as Gei- 
ling, all excellent workers of high stand- 
ing, found that histidine was necessary 
for growth but declared that arginine 
could be used interchangeably in its 
place. Then and Cox, and 
Stewart, again excellent workers of high 
standing, declared that arginine and 
histidine are certainly not interchange- 
able, but that histidine itself is 
lutely necessary to growth because it 
functions as a precursor of purines with- 
out which animal chemistry is inhibited. 
Here the layman may be inelined to 
sniff. But further confirmation has re- 
cently been added to the assertions of the 
last workers mentioned and they seem, 
just now, predominant. 

Cystine was, until Mueller’s discov- 
ery of another, the only amino acid con- 
taining sulfur. It remains the only 
sulfur amino acid active metabolically 
(1.e., which enters into the building up 
of body tissues). It is needed in very 
small amount, if at all, for maintenance ; 
but it is absolutely essential to growth. 
Cystine oceurs especially in the hair and 
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abso- 


nails. It to milk 
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known about 
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Is also eSSf ntial 


summarizes 
the spec fi 
well as quantity in amino 
of any one of them fro 
become a limiting factor 
usefulness of a protein. 
customary mixed diet, 
mirably supplement each ot!) 
offset their individual defici 
sential amino acids 

We turn now to milk pr 
the specific problem lies 
Here cystine is essential 


are of course also built 


up Of amino ac 


which the cells of the mammary 


blood 


Hence if we are really 


unerringly take out of the 
perfuses them. 
various feeds 
} 


to know the true value of 


Some 


ow 
! 


for dairy animals we must 
trace these amino acids from the fee 
into the blood, thence to th 


gland and into the milk. 


mammary 
The amino acids constituting various 
cereal proteins—such as gliadin and 
’ 

AISO bes n 
demonstrated that amino acids oceur in 


blood. Abel at Hopkins got 


rectly out of the blood of living animals 


are well known. It has 


them di 


in what he called a vividiffusion experi 
ment. Abderhalden, hearing of 
Abel’s work, quickly repeated the ex 
periment in enormous 
seale and with changed technique, but 
the credit is Abel’s. We also know th 
amino acids composing milk casein and 
Tryptophane and cystine are 
Henes 


in these two amino acids 


after 


Europe on an 


albumin. 
prominent among them 
deficient 
obviously limit milk production. 

This narrows the subject by pick ng 
There has also 


feeds 


will 


the problem to pieces. 
been developed an accurate method for 
estimating the exact amount of one of 
the amino acids in the blood, namely, 
tryptophane. Finally, the cow being a 


docile and well-mannered animal, it is 
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easily yossible to stick small metal tubes 
simultaneously into her jugular and her 
mammary veins and to take from these 
veins exactly synchronous samples of a 
quart or so of blood. The animal with- 
stands such seemingly drastic treatment 
without deleterious consequence save a 
momentary loss of temper. An examina- 
tion of these two blood samples, of which 
the jugular is essentially arterial in 
make-up, demonstrates that arterial 
blood contains decidedly more trypto- 
phane than exhausted blood on the way 
back to the heart through the mammary 
vein. Caught on its return journey 
after perfusing that gland, its relative 
deficiency in tryptophane betrays the 
fact that the mammary gland extracts 
this amino acid from the blood in order 
to build up milk proteins. In technical 


language we say that the amino acids of 
the blood are the precursors of milk 


proteins. 

That done it becomes obvious that 
another amino acid should be traced. 
Cystine was selected, because of its im- 
portance in the constitution of milk 
proteins, and this at last brings us—by 
so devious and long a road—to the point 
where an investigator could select an 
original problem for research. How, 
then, did he proceed here? 

The first question was, of course, can 
eystine be estimated in blood? Is there 
a method to determine it quantitatively ? 
He went to the literature. Some forty 
articles in English, French, German, 
Spanish and Italian shrieked to assure 
him that of course cystine can be deter- 
mined. But, as usual, closer examina- 
tion raised a doubt as to whether it ever 
had been determined correctly at all. 
So many inaccurate articles are pub- 
lished that this disappointment is an 
every-day inevitability. Prestige gravi- 
tated him in favor of a reliable investi- 
gator, and an Otto Folin colorimetric 
method seemed most promising. If a 
certain reagent perfected by Folin be 


THE SCIENTIFIC MONTHLY 


added to a solution of cystine a 
color is developed which is exactly 
portional in intensity to the amount 
cystine present. Moreover, it should 
termine accurately less than a milligr 
and there are a thousand milligrams 
gram and about thirty grams in 
ounce. An instrument called a colorin 
eter enables the investigator to n 
sure color intensities with extrem: 
curacy. 

But is all the color always due 1 
tine? May not other substances 
cose, uric acid, creatinine or insu 
produce such a color? These must by 
tried and negative results secured. Th: 
do the reagents themselves in ‘‘ blank 
givea blue color? Yes. Then they must 
be recrystallized and purified until 
blank is colorless. Is the blue color 1 
actually proportional to the amount 
cystine present and if so what is 
actual range of delicacy in the meth 
These things must all be tried out ex 
perimentally with solutions of pure « 
tine regardless of what appears in 
literature, because so chaotic is the lit 
erature and so uncertain in value 
many printed articles that the car 
investigator can only dare proceed aft 
verifying personally every slightest d: 
tail. This is most unfortunate but tru 
So much ill-done work appears in the 
very best journals. A detour must also 
be taken into other methods of det 
mination to be sure that they are as 
fruitless as they seem to be. This i 
volves reading and digesting thirty mor 
articles. 

But after some months the 
gator is ready to attempt the determina 
tion of cystine in blood. But blood is 
full of corpuscles and soluble proteins 
and these must be got rid of before 
analysis can proceed. How shall they b 
precipitated? One hundred articles now 
howl at him in five languages to tell him 
which procedure is best. He must wade 
through these, meantime trying to keep 


inve ST 
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his eritical faculty awake. He finds at 
last no entirely conclusive evidence any- 
where that method for ridding 
blood of its proteins can be absolutely 
guaranteed not to take along always a 
small amount of the amino acids there 
in solution. Total amino acid determi- 
nations mean little, for 25 per cent. of 
one of the twenty might be lost without 
ever showing up in a total amino acid 
determination. Yet that entire 25 per 
cent. loss might, for all he knows, be 


any 


cystine. 

Then how would ultrafiltration do? 
That means passage through a collodion 
(new-skin) membrane under pressure, 
which gives what is said to be a reliable 
filtrate for analysis. Forty polyglot 
articles again assure him of all sorts of 
possibilities here and he wanders through 
the maze experimentally a few weeks. 

Thus we see him reading and seeking 
by laboratory procedure. And in a few 
months he has a method of ridding blood 
of its proteins which he is reasonably 
sure does not decrease its content of cys- 
tine. He adds pure cystine to blood be- 
fore ridding it of protein and finds the 
added cystine all there intact after- 
wards. That is reassuring, but there is 
a doubt saying he may have changed the 
blood reaction in adding the cystine and 
thus have set up an abnormal condition. 
He hopes not and passes on. 

He makes his first analysis and it is 
simply astounding. If he can believe it 
and all this blue color be due to cystine 
then one third of all the amino acid in 
the blood is cystine. This is simply ab- 
surd. Then has he to do with cystine 
altogether? Or at all? This leads to a 
new and more frantic search of the lit- 
erature—a hundred devious articles in 
Babel again. The search is for the most 
likely organic compound to be in blood 
and to cause that color. Finally a di- 
peptide (i.e., compound of two amino 
acids), called glutathione and composed 
of cystine joined to glutamic acid, seems 


OF RESEARCH 


likely. Glutathione was discov 
though, by Sir F. Gowland Hop- 
kins, discoverer of the first 
the light of Cambridge University, on¢ 
of the leading physiological chemists 01 


most 
ered, 
amino acid, 


} 


earth and decidedly a baronet. And t 
baronet gluta- 
thione occurs in blood! 
This is a terrific blow 

absolutely blocks the 
ture the unknown is published, 
is published only if he is able to impress 
the editor tremendously. In fact, 
unknown must be better than the 
known writer is at best in order to dis- 
tract the editor’s sympathetic attention 


specifically denies that 
ra +} 
pa i 
but he 


the 


well- 


from even the mediocre and uninspired 
work of the established writer 


SO also 
investigators 


Established 
now 


in science. 
as always a pres 
both to 


respect more 


with honors hav 
tige which enables t 
print and to 
readily than mere unknowns 
esting literature might be cited to prove 
this, but Murray’s ‘‘ 
the Nineteenth 


hem 


rain 
command 


An inter- 


Selence and Scien 
tists of Century’’ is 
enough. 

Therefore our 
had to stop and elaborately establish his 
contention with extreme care. He had 
to render himself thoroughly familiar 
with the glutathione literature. He had 
rudimentary technique 
against that of experts in this 
order to learn to prepare glutathione 
Qualitative tests, three of them, at once 
demonstrated the baronet’s error and 
supplied valid reason for such a mis- 
take. But in controverting so notable a 
man only the actual crystallization and 
identification of glutathione could pos- 
sibly be admitted as sufficient evidence 
for publication. So went a year 

At the end of this time of travail the 
investigator had his theory proven. Not 
only was glutathione certainly in blood, 
but it was also apparent that this dipep- 
tide, as such, suddenly left the blood 
stream to the extent of 40 per cent. dur 


unknown investigator 


to match his 
line in 
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ing one swift passage through the mam- the Cambridge laboratory of Si; 
mary gland. How lightning quick this Gowland Hopkins! Hopkins | 
transference must be we know when we fied his error. 
remember that glutathione occurs only Our unknown therefore extracts 
in the corpuscles and must transfuse aerid satisfaction he ean from his 
from them into the blood plasma before <‘eonfirmation’’ and tries to lauo 
the mammary cells can grasp it to build finds later—so uncorrelated and 
into milk proteins. Moreover, the fact lapping is research—that two 
that a dipeptide was actually so used as investigators were directly on | 
such and without being broken down There they all were ineficientl: 
into its two constituents (the amino 
acids) afforded the first instance of such 
a biological utilization and demonstrated 
that the amino acids are not invariably 
the only building stones ever used by the 
organism. This in turn controverted 
facts established by all noted workers 
and effectually damned the particular 
investigation. 

Therefore, our unknown investigator, 
after more than two years of zeal and 
after finding something entirely differ- 


ent from what he started out to find, was ; : 
He theories and will hence scarcel 


cepted if he publishes it. Perhaps s 


separately, largely because a gr 
respected man had made a mist 
also because there is no world ag 
effectively coordinating research. 
So our investigator smokes 
tively, smiles sardonically, gat 
the pieces, investigates, sees wh 
and starts afresh on some other 
of that immense problem—‘‘ The 
tery of Life.’’ For the moment 
blocked by the fact that even his s 
valid discovery contravenes all ace 


at last ready to risk publication. 
eould have rushed to print half a dozen 
times earlier and would have then pro- 
duced the usual half-baked article. 

But now, before his article can ap- 
pear, the British Biochemical Journal time. 


new problem would be more fru 
anyway. 

At any rate we see how he spe 
So he proceeds from day 
arrives, announcing the isolation of ‘So he gropes and wanders. Of 
glutathione from mammalian blood in the kingdom of research. 





INVESTIGATIONS OF LIFE IN THE SEA 


By Professor W. E. ALLEN 


SCRIPPS INSTITUTION OF OCEANOGRAPHY OF THI 


THERE is no evidence that life in the 
sea is fundamentally or essentially dif- 
ferent from life on land. The same laws 
of origin, distribution, maintenance and 
destruction are operative in both re- 
gions. Those differences in life in the 
two regions which attract our attention 
are differences in degree rather than in 
kind and are incidental to the character 
of the media in which the organisms are 
immersed. It is, therefore, reasonable 
to suppose that investigation of marine 
life may be, to a considerable extent, 
guided by knowledge and experience 
gained through investigation of the more 
easily accessible land and fresh water 
life 

The herdsman going into new country 
estimates its productivity by the vegeta- 
tion spread before his vision. If his 
estimate be made from a single view he 
may be grossly deceived according to his 
presence in wet or dry season of the year 
or in wet or dry year of a climatic cycle 
or in a robust or diseased population of 
a biological cycle. In the history of our 
country many fortunes have been made 
and many have been lost on the basis of 
such single observations. Successful 
men are, however, disposed to reserve 
effort and expense until other views have 
been obtained. Having established him- 
self in promising territory an intelligent 
herdsman then begins a series of more 
detailed studies of the conditions deter- 
mining its productivity, the water sup- 
ply, the plant succession, the animal 
migrations, the prevalence of pests, the 
indications of overloading and many 
others. For handling the details of 
such problems he soon finds himself in- 
competent through lack of ability, lack 
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suggest a problem or direct some 
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cation of its solution. 

On account of the profound difficulty 
of carrying on investigations in the sea, 
due to expense, to limitations of space 
and time, and to obliteration of 
the which 
tioned are even more impressive than 


Vision, 


things have just been men 


they are in connection with the work on 
land. 


landseape is vastly superior, as a basis 


The herdsman’s single view of a 


of estimate, to a single visit of a fisher 
man to a locality of similar scope. Hun 
dreds of items within the range of vision 
in open country contribute to the valid- 
ity of 
available to the man who has little or no 
information beyond the catch (not the 
As a result the for- 
ward looking fisherman is more immedi 


a conclusion, none of which are 


sweep) of his net. 


ately dependent upon investigations by 
experts and specialists and the special- 
ists are confronted with the necessity for 
high frequency and high continuity of 
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observations, both in space and time. 
Burdened with such necessities, the 
marine specialist, even more frequently 
than the land specialist, may be obliged 
to postpone consideration of the eco- 
nomic application of his observations 
until they have attained moment or defi- 
nition sufficient to indicate so-called 
** practical results.’’ 

In the sea, no less than on the land, 
synthetic vegetation constitutes the basic 
link in the chain of sustenance of living 
things. In tide water, along shore, and 
on the bottom, algae and diatoms corre- 
spond to herbage on land. Floating in 
the water, diatoms and coccolithophores 
have such a relationship. Any effective 
biological survey of a marine region or 
locality must, therefore, as on the land, 
be based on a survey of the vegetation 
of its region, and no estimate of its pro- 
ductivity can have perennial or perma- 
nent value unless it includes careful esti- 
mates of the normal production of plants 
and of the annual range of production. 
Obviously, in consideration of the sharp 
and narrow limits of observation, the 
details of such problems can not be 
solved, or even stated, in terms of small 
magnitude. 

Pending the development of investiga- 
tions of large magnitude it is both desir- 
able and necessary to make use of frag- 
mentary and incomplete investigations, 
their application being subject to re- 
vision as expansion warrants. For ex- 
ample, it is pretty generally understood 
amongst marine biologists that certain 
organisms are so abundant, so widely 
distributed, so easy to study, and so im- 
portant as links in the food chain, that 
they have great practical importance in 
estimating biological productivity in the 
sea. Most prominent amongst such 
organisms are diatoms, representing the 
plants, and copepods, representing the 
animals. Fortunately, both groups of 
organisms are known to have a close 
relationship to the welfare of fishes. 
Evidently, a good working knowledge of 
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the numbers and successive s 
numbers of these organisms in 
area and a record of the changes 
will give the best basis for develo] 
understanding of the conditions 
ductivity in that area. Records . 
bers made from observations 
frequency and continuity r 
meteorological and astronomical] 
in the fact that their reliabilit 
value increase as they perennial]; 
mulate. Many biological problems 
now seem hopelessly intricate may 
soluble after accumulation of 
similar to those of astronomy. 

On land, the ecological bota: 
zoologist marks off a quadrat, select 
ocular inspection as typical of th 
population, and in it makes a det 
study of the residents. In the sea 1 
is not possible with the free living 
most favorable for quantitative st 
and a fair estimate of the numbers 
component forms of the residents 
only be reached by a number of cat 
great enough to represent the w 
area being studied. It is seldom poss 
to procure such numbers of catches 
a larger or smaller percentage of er 
must be expected according to the 1 
ber and spacing of the catches. Cat 
made frequently over a period of 
or decades give ground for estimating 
the importance of this error and fi 
lead to a good general understanding 
productivity. 

As population increases and 
demand for food and other nat 
products becomes more exacting t 
sistance of experts in handling mari! 
products is going to be needed to furnis 
the margin of safety in estimat 
marine productivity and the tre: 
good or bad influences on marin¢ 
Consequently, it seems that the la) 
of the foundation of understanding 
marine populations through acc 
study of those forms most suitab] 
use as indicators of productivity and 
the influences most prominent in 
encing it is immediately important. 
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THE MONGOLIAN AGE OF MAMMALS 


(MONGOLIA THE NEW WORLD, PART IV) 


By Professor WILLIAM K. GREGORY 


geologists of the Third Asiatie 

E lition of the American Museum of 
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the mous collection of du 
and skeletons Protoceratops 
priceless skulls of small mam 
[I] These dinosaurs art 
sn er and more prin 
huge relatives, the horned dit 
the Upper Cretaceous ¢ \I 
Alberta ! hence tl Dd yar 
matior Ss provisiol Vv i 
lower | s of the Upper ¢ 
The Dyjadokl formatior 
ected to long period of 
tterwardas the! Was ce Os 
a series of two hundred fee 
and drab sediments to whic! 
Grashato formatior has 
signed; this vielded a puzziit 
sina nad prim tive mammais 
by Dr. Matthew in 1925 P 
most importar specime! S 


Photograph by American Museum of Natural Histo 


FIG. 2. MODEL OF PROTITANOTHERIUM HEAD 
MAN UNDER THE DIRECTION OF WILLIAM K. GREGORY FO 
APH ON THE TITANOTHERES. BASED ON THE FOSSIL REMAINS O} 
:0M THE UPPER EOcEN! UTAH, CLOSELY RELATED TO Protit 
mongoliense OF THE GOBI DESERT. 
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Phote 
INDREWSARCHUS SKULI AN 
FOR COMPARISON 











Photograph by American Museum of Natural History 
RESTORATION OF ANDREWSARCHUS BY E. R. FULDA 


Protita iotherium IS SEEN IN E DISTANCE, 
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jaw about an inch 


and premolar 


+ +} 
Let Ii O| 


which is fundamentally lil 
mammals 
do formation of Patagonia. 

jaws with 


rtain extinct 


species also have a d 


ith American = 
known fossil 


outside ol 


appearanct 
form ot 


the only 
ral type found South 
erica has been a minute lower Jaw 
Lower Eocene Wasatch forma 


previously deseribed 


Wyoming, 


y Matthew. Thus Mongolia, Wyoming 


Patagonia seem 


and to be on the dis 
rsal route of these strange little mam 
als. But in which direction did the 
spersal take place? 
All the fragments of jaws and teeth 

in 


ind in this formation are peculiar 
ut as a whole they 


ne way or another, bu 
Eocene 


to 


pear to suggest a _ Basal 
Paleocene age. The r tend also 


rengthen Dr. Matthew’s view that the 
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ana Western Ni rth America but ! rey Dor 


most part, at least, these Mongo “ar res 
rms were not directly ancestral to — thos f similar Y n | 
their European or their American North America E 
es The relationship, however, is thes S thy, } or | 
ntly close to establish the faet ' 
there had at some time been some Preofecear Oxhary 
or pathway between these wick . . . 
nt regions terrest) 
s view is fully confirmed by the e} 
nee in this Irdin Manha formation ; ae 
: great number and variety of titat \ 
res. This peculiar extinet family ] 7 
ofed animals in North America ex ; 
- ed from the Lower Eocene throug! 1 10) 
Middle and Upper Eocene to the " ] 
- se of the Lower Oligocene, during : 


} 


ch time the family was represented 
nearly two hundred known species 


ng from very small primitive hort 
ss forms in the Lower Eocene up to 
i¢ animals with a transverst 
r of *‘horns’’ above the eves In the ‘ 
Lower Oligocene At that time thes per Eocene of nort Cin 
nimals were extremely abundant in 
’ stic of North <A 


is now the ‘‘bad land’”’ region o 


South Dakota and Nebraska, and their Cy “ent ages re l 
fossil remains were ascribed by the In Olig ! 

ins to the legendary **thunder horse.’’ sO Tal tron The MO} 
The numerous Mongolian titanotheres vhile the p hey 


: . of the Irdin Manha and of the succeed Kocene f Europ 





ng Ardyn Obo formations show the represented. As vet 1 ne 
OST striking resemblances to the re These ran eS yere psent 
- ited forms of corresponding horizons horses apparently did ne each M 
Y - n North America So far no trace ot rola nt Pliocene 
- the older Middle and Lower Eocene The Hsanda G fey iol 
titanotheres, which are so abundant in Oligocene age. contains 01 
- the Bridger and Uinta mountain basins — extraordi irv foss animals eve} 
Wyoming and Utah, have been found covered. the gigantic rhinoceros B 
Mongolia and in this ease the evi the m. Formerly discovered by an FE) 
ence at first suggests that the earlier olis pale mtologist. ¢ Forster ( we} 
stages of the family were passed through n Balnéhistan. and foun the 
n western North America, and that the Russians in Turkestan. the Ame 
, family spread thence to Mongolia, one Museum expedition was hig] fortur 
k two representatives penetrating also n securing a nearly complete skull an 
Western Europe. narts of the skeleton of this amazin: 
; These peaceful herbivores of the animal at H[sanda Gol in th vesterl 
: rly Mongolian forests and plains part of the Gobi region hi 
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ss than four 
eolumn-like hind foot 

than three feet from 

eround. The estimated 

shoulder is about 

r than the tall 

nassive 

pered a remarkable 

ts. some related to 


er-like rodent Bathyeraqus, 
the squirrels, dormice, rats and 
pikas, all of which have been id 


ed and named in papers by 
tthew. Students of the evolution of 
se teeming groups will find much ot 
terest in the Mongolian fossils 
the Loh formation, a thin 
ie above the Hsanda Gol, th 
ed mastodons arrive, represented by 
relative of the European Mastodon 
angqustidens. This formation is referred 


Professor Osborn to the Lower 
ne. <A rhinoceros from this forma 
has the molar pattern more ad 
vanced than that of Baluchitherium and 
appears to be related to one of the tru 
rhinoceroses of the Miocene of Europ: 
Matthew 
The Hung Kureh formation, succeed 
ing the Loh formation, marks the first 
appearance of the horse in this region 
It also contains deer and ostrich re 
nains and apparently represents the 
P| ocene epoch 
Later than the Hung Kureh forma 
tion is the loess of China (fine wind 
blown dust, more or less consolidated 
This, with other formations, represents 


the long period which in Europe and 


' 


North America witnessed the slow ad 
vanees and retreats of the great con 
nental ice sheets. The glaciers, hov 
ver, never invaded Mongolia 
Accordingly, the Mongolian record ot 
e Age of Mammals has thus far 


rought to light several new and 
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Photograph by American Museum of Natural Hist 
WALTER GRANGER EXCAVATING A FOSSIL RHINOCEROS SKULI 


300 MILES SOUTH OF URGA. 
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T 4 lyrathe rian ¢ 


In the case of the tan 
appears that the dispersal 
place at first in one direction and 
n another, and the same appears 
to be true of the mesony 
oxvaenid and hyaenodor 


writer 


also of the amblypods, lophio 





THE LIFE HISTORY OF THE FISH ASTRC 
SCOPUS (THE “STARGAZER”) 


By Professor ULRIC DAHLGREN 


P INC] ON UNI\ 


IN the littoral waters of our Atlantie  inelination to live 
coast lives a fish, commonly called the more specifical \, 
Stargazer, Astroscopus, whose life his the sandy bottom or 
tory, relationships and adaptation to its Even further than this, 
environment are so remarkable that the sand in a certain way or manne 
write Ke who has studied it at intervals Many other fishes or whol 


for over twenty vears, thought the story fishes have de veloped the abi 


ought to be told, especially as so few n or on the sand, as the litt 

people know the fish or even suspect its sand eels, Ammodytes, which div 

remarkable history. and burrow through it with the 
In 1884 attention was first called to noses and long e¢ shaped bodies 

the animal by reports that it was capable the flounder tribe, whic 

of giving a rather strong shock of elee over on right o1 

tricity, and an examination of an aleo protective color: 

holie specimen kindly sent from the U.S. lateral symmetr 

National Museum soon showed that an two sides onee 

electric organ of a new type was present. edges) with which 

The studies that followed brought the th bottom or even 

writer into such close and intimate con ping motion, quicl ly 

tact with this fish that other equally in complet ly in the mud or 

teresting facts were brought out and _ the skates and rays, instead o 

upon them rests the following account. on one side to take advantag 
The fish belongs to a very large group natural lateral flatness of 

of fishes, the order Acanthopteri, which as the flounders have, 


is so heterogeneous and large in its com-  dorso-ventrally to produc 


position that this position does not that hey can act much 
he flounders do 


signify much as To the rr lationships ot t 
the stargazer. The more immediate and While many of these othe 


eonsk 


smaller sub group to which it belongs is groups have attained a 
a division of the fish world known as the adaptation to living on sandy 
‘sand fishes.’’ In and a skill in burying in the sand 


their ¢ 


‘*Trachinoidea’’ or 
the several families of this group we find features have reached 
many genera and species which, aside Asfroscopus (Fig. 1) and wi 
from the more technical features of their deseribed in connection with 

internal anatomy, clearly show a blood of the habits of the fish It 


relationship. They show, more or less that this fish has attained 
plainly, easily observable external fea tive structures without notice 
tures of form, color and structure which ing its general ‘‘fish-like’’ form 
go to demonstrate that the major por- that found in a seulpin or toad 
move 


tion of all the genera and species have an Astros Opus does not 


345 
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PHOTOGRAPH OF 


wh except when migrating and then 
swims slowly and clumsily. When he 
stops he comes to rest, always on sandy 
bottom and at onee begins to squirm 
with short side-to-side motions of his 
entral surface and tail, holding the 
eaudal and anal fins rigidly so that these 
fins begin to open up a trench into which 
the body sinks. At the same time th 
two large strong pectoral fins and the 
ventral fins begin to perform an outward 
shovel-like motion which digs a_ hol 
ther than a trench under the heavy 
orward part of the body 
The animal keeps up this motion whil 
resting on its belly in a horizontal posi 
tion and in that position it sinks directly 
wnward. This action is guided in its 
ipidity by cireumstaneces. If undis 
irbed and not pursued the side-to-side 
otions are each about a second in dura 
tion, the sand is pushed aside and when 
hout two thirds under the surface the 
imal stops and rests Fig 2). resum 


g in a few moments and carrying the 


} 
asa] 


ASTROSCOPUS 


ROSCOPIT 


vO down ror 


more 


(eto 


I 
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Ihe 
r alt 
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+ ; 
he hoo Ol 


Sal d, 


shes 


ernoon 


© Old 


| oft 
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350 
went through this pertormanee. Five of 


these were captured by the bare hand 
which was pushed down in the sand at 
the spot the had 
until the fingers could be elosed tight 


around the still burrowing fish, now six 


where animal sunk 


] 
1\ 


more inches below the surtace, which 


or 

was then drawn out and carried ashore. 
One of them vot down fully twelve 
inches in the loose sand before capture 


and two were not found, either becaust 
Too dee p or because it had not been pos 
locate the spot where 


sible to properly 
they sank One ke pt in the Washington 
Aquarium was nearly always half buried 


cs 
Fig 


surface with a small 


or just under the 


he 


sand 


pateh ott uppe I" 


head showing. The next photograph 
Kig. 5) was taken from above of a liv 
ing stargazer in the sand at Beaufort, 
N. C. This fish had been in this same 


position all day but came out and moved 


about in the evening. 


some 
The first adaptation to be mentioned, 
a slight one, is in the general shape ot 
particularly the flattened 
of the head, which 
extends out as a plane to the extreme tip 
of the 
rv end blunt and enabling the whole 


the body, up 


per surtace surtace 
snout, making the front of the an 
teri 
bods to be Just submerged sO that mouth, 
nostrils, eves and other organs, while al 


+ 
t 


the surface 


concealed, are still a 


most 
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The second adaptation is th 
ment of caudal, anal, pectoral ai 
tral fins to a strength and posit 
which they can do the digging (F 
The ventral! fins aiSO have hee 
; ] ] 
forward where They Wi! hye ST SS 
pectorals in burving the head 

+ +] + . +] 
nection with this there are und 
nerve reflexes and eoordinat O 
nisms established that operate the 


ous motions tor t he ir’ most ¢ ftic ent 


The third 


in tl 


| 
ada] 


e anterior position o 


and their position on the flat 


head Not only this, howeve 
hye 


eves ¢an moved up and down s 


they either protrude short dist 
see above the very thin cove noe 
or he flat in their sockets. This ; 
to be accomplished by the filline 
tissues back of the eve with son 
fluid, so that thev arise on sho 
for aS muen as one quarter o 
The writer has also seen this ev 
in flounders. skates. gobies at 
bottom fish that live on the bot 
bury in sand or mud. It is no 
in most fishes 

The fourth adaptation iS an ext 
and somewhat complicated oreal 
of parts of remarkable interes 
connected with the breathing « 
[t must be considered in detail as s 
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FIG. 2. PHOTOGRAPH OF A LIVING ASTROSCOPUS GUTTATUS 
HALF BURIED IN THE SAND IN THE AQUARIUM IN WASHINGTON. CAPTURED AT NORFOLK, \ 
SHOWS THE FINE-SPOTTED PATTERN OF THE TYPICAL NORTHERN STRA From D. 8. J 
BOOK ON FISHES AFTER A PHOTOGRAPH BY Dr. R. W. SHUFELT FROM A TWELVE-IN‘ BAY 
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PHOTOGRAPH OF A LIVING ASTROSCOPUS GU \ 
interrelated items. First, the fish has he isual two holes nuit 
developed the very unusual structure of also opens downward to the 

connection between the narial CAaVIT\ pharvnx D a passage CONSIUCT 
nd the pharynx. In all but Astroscopus size. What, then, is the course 
and one or two other forms of fish the water currents ! orce to eN 
narial chamber has no connection with this we must first deseribe the 
the mouth cavity but opens to the ex breathing which is common 
terior by two small holes on the oute1 bony) fis! 
surtace ot the head, one opening situ In evel suc fis Thi rare 
ted at the anterior end of the chambet Cavity oO pharvnx opens anterior hy 
! provided with an erect flap of in wid arer: slit The moutl 
iment so placed as to direct the wate) teriorly by two svmmet! 
to the chamber as the fish swims for slits known as the eg Openings f 
rd, the other usually posterior to this sides of this cavity are composed 
y designed to allow the water to flow arge, thn nd stiff struetures of b 
thus establishing a current throug connective tissue and skin know) 
chamber for testing the odors in the opereul: whose posterior ed@ees 
water by the chemo-receptive nerve end outer edge of the eg slits hese 
. rs situated therein In such ease no eu ninged o1 then terior © 
ter can pass from the narial eavity where thev are conn 
| to the pharynx and in consequence are provided wit powertu ! 
ist fish can not breathe through their whieh move them svnchronou nware 
Ses, and outward, thus alternate Cl 
The narial eavity of Astroscopus opens and contracting the capacity of th 





the outside of the head (Fig. 4) by pharynx 
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When the opereula open, water comes 


freely at the mouth but is prevented 


in 
from coming in at the gill slits by two 
loose ly hung valves ealled the branchio 


stegeal membranes, which are hung 


fi 
oosely on the ope reula 


\\ he n the opercula elose, water passes 
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1re out ot the @1 slits whik 


returning th 
tn 


vented from ! 


mouth by two in, membra 


the 


ich 


lunar shaped valves, mand 


maxillary val wl snap 


the 
Tl 


In eurren 


| 
ul I 
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we 





































FIG. 4 VIEW FROM ABOVE OF A PRESERVED SPECIMEN OF ASTROSCO! 
GUTTATUS 

FROM NORFOLK, VA., TO SH¢ HE EXTERNAL FEATI i 
RIOR NOSTRILS P. POSTERIOR NOSTRILS FROM H THI A) ED GUARD 
GROOVE (G) EXTENDS BACKWARD AND OUTWARD; (M) Mé H ITH ITS INTERDI 
FILAMENTS TO KEEP THE SAND OUT OF THE RESPIRATORY STREAM ‘ Gl ITS 
BACKWARD TO REACH THE BASES OF THE PECTORAL FINS (P.F. SE OUTER EDGES ¢ 
PROVIDE A TUBE-LIKE CHANNEL THAT WILL CONDUCT THE EXHALI RESPIRATORY STREA 
THE SURFACE OF THE SAND WHEN THE FISH HAS BURIED ITSELI : OUTLINE IN INK 

THE EXTENT OF THE ELECTRIC ORGAN; (L.L.) LATERAL LINES \ TWELVE-INCH BAY 
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inning backward trom mout y | | 
response to the bellows-lik« dded The nat ( nn \ 
the opereula and the action o mes e su ( ) 
pairs of valves. The gills are in ove y 
alwavs supplied with new salt ong troug r vroove W tw 
rrving the oxvgen they need edges by ow otf the s 
nimals’ respiration } o n this St 
we can examine the action of thr wate 
rvngeal passage of Asfroscopus han could flow to 
ed above When the opereula ruarded by t a 
and water runs in at the mout! aS can pass rapid 
{sfroscopus it also comes into tli cavity dow through the 
x from the nosé throug! this weal tube nto the | 


When the opereula close this torv purposes S 


s prevented from running back — nose breathing ct 

e nose by a pair of small mem is/roscopus even W 
is valves, one on each pharynge: the sand. Man ir own ¢ 
the Two passages These we MUST eats } eonstruet t 

two narial breathing valves VOrKS re not so W 

We can now see that the stargaze) (one more double teature { 

breathe through his nose alone daptatioy sto be see } 
ss more slowly but in considerable apparatus of this wond 


And he does. The two doubl s found in connection w 


openings may be free when the of the water after it s he nse 
s covered by sand breathing he water is 
e second plac Astroscopus has direet | nto the surrouns ’ \\ 
nother adaptation in connection find that the e slit ‘io 4 
is breathing intended to enabl narrowed and drawn backw 
to breathe when the water is full ot ward nto a short loose 
¢ sand or even when he is buried i This carries the waste w 


se sand, without having any of this through the surroundir 


drawn into his pharvnx. This con tube ends neat 


‘ists of a row of fine, comb-like serra ereat ect fin bee I | 
n the edge of each jaw, placed so Now the pector 
when the jaws close these flesh digging machine 
ons (Fig. 4, m nterdigitat \ but W e 4 ving 
Ss Thus formed That kee ps the san fin rey} cs WwW 
it lets the water in and, by opening ip so that the 
iws slightly, he can let in more the 
when the sand erains are large ! . t S 4 
closing his jaws further he can keep rounded. closed o1 
finer grains at the expense of not ‘ig, | nd this tube 


¢ so much wate! wit the « tiuhe <n 


e two nose openings on top ot th @ ¢ ad ft 
are also armed with these sam sand in this ehann nd dist ( 
, comb-shaped iringes In the eas the 1 r the | thie 
e small, round, anterior opening this see. direct over the 
ge forms a blunt rosette (Fig. 4, a toral fins. two tiny ¢ 





In the ease of the posterior opel ov F jo . \t 1 téne 


















FIG. 5 \ 


(No HERN, 1} E-SI \ OM NORFO 
ON Ht I su \ H HIS ELE¢ 
NERVES AND > Vi Oo I EGION 

‘ C. W. SILVESTER } 


erater, over a live fish, a close examina- 


tion will show the sand grains dancing 
up and down continuously as they do in 
the sandy bottom of many springs where 
the water is welling up. 

The fifth adaptation consists of a de- 
cided change in the position of the lat 
eral line. The lateral line of bony fishes 
is an open groove or more often a closed 


Fig. 4, 1. 1.) opened to 


groove or tunnel! 
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OF ASTROSCOPUS GUTTATUS 


the exterior by a series of holes 


placed in various symmetrical 
In this groove or tunnel are sens« 
of unknown function 


some 


functions have been argued 


perception of sound to the rece 


ehemieal stimuli. This latter 
true. 
Whatever this sense may be, 


that in a fish that lives buried si 
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s org 


bottom in which it lies buried skin be ret ed from t , ‘a 
S fisl he int pursues Stl rt Nt eas W I SO . 
or gentie curve on each side o \ ‘ Vells \ 
often W 1 sharper upwal wiht \ . 
n its anterior end In As ( 
the lateral lines, beginning wi shut of eo} 
he @ opening ol each side. ru 7 
f sharp angle unt he tw vell is 
e almost together, one on each sic r} sh. s trans 
aorsal fin or, whi re there are no the s ce The « 
each side of the median dorsal () CLOSE ( 
see Fig. 4, 1. | This brings them « sect 
osition where they are nearest 10 seen that ¢ r fhes 
water and on a part of the bod com poser 
s last buried when the fish goes into ‘ie b eve 
na In tact, most oO! the fish S Tiine ( ~ 
W th the Top ol the head and a bs 
} dorsal ine JUST eve W | 1 ‘ S r 
so that the lateral line is neat SI ©) tac ys , P | 
eh to the surface to operate Phis 7 nt of somewhat t 
‘ eariv an adaptation to its habits SIZ | moulded tow@wethy 
s life im the sand is probably .\ ws ; 
radieal and deeper seated one t} ‘ ‘ ‘ \ 
the others This is the oeul; te ( 
¢ organ which gives off trom the 
s and their neighborhood a shock o All electron on 
ul intensity surface and ) tudd ve] 
In Fig. 4 one ean see two rounded er eS 
g areas of considerable size just poses 


ny) fe) ay 


ny bono bv 


‘ a ™ ; 2 4 YD ~ 
Ws * da) 
Ww) 4 nie 
vv Vv Vi UY YUW VII 
en 
G. 6. DIAGRAMMATIC VIEW OF PART OF A VERTICAL SECTION O ! 
ELECTRIC TISSUE Ol] ISTROSCOPUS 
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B'I¢ ri DIAGRAMMATIE 
ONE ELECTRIC LAYER OF 


ISTROSCOPUS 


ror OF 


] 1 1 


exchanges with the blood vessels that are 


in contact with them and this lower sur 
lace may he spoken of as the nutritive 


The 


studded with thousands ot 


surtact smooth upper surtace is 


nerve ¢ ndings 
formed by the branching ends ot a tew 
nerve fibers that come in between each 
The substanee o1 


its eonstituc nt ¢ le eTro 


iavers 
laver (and 


as musele sub 


piaxes) 1S striated much 
stance is, only the striations are not 
straight and parallel as in muscle but 


We shall see later, 


othe I’ 


eurved and parallel. 


known about some of the 


as IS 


a : :, : 
electric fishes, that each « ectropiax rep 


musele fil I’ some ot 
as Ele fropho US, 


Vorm Wriés, 


several 


resents a singtt 


the other eleetrie fishes 


, ’ . , 
ie elecetTrie eel, 


and horm 


each ¢ from musel 


ectroplax 
cells instead of from one 

The 
represents the negativ 
of E. M. F 
sents the positive pole 
field of 


during the shock would run 


this entire organ 


uppe r surtace ot 
pol ot a soures 


and the lower surface repr 
] 


(‘onset que nt \ 


lines indicating the discharge 


and eurrent 
from upper minus surface to lower plus 
or down through the organ and 


Ssurtacte 


from plus around to minus or up outside 


the organ 
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The organ is supplied b 
th t| rd oO! OCULOMOTS ( 
motor eenters n fl DD! ‘ 
usa ver roe nerve i | S 
eonnection Ww ! electric ore 

(drive rel rkabl na pu + 
ment nh connection with the 
sthe position of the eve and ( 
me) ts SIX muscles ( 
nerve wit é i ene ¢ TO 7 i 
trie tissue 7 museles 
nerve re ( ! 1 ( ( ‘ 
eleeti ( ( mbpel rom Tie 
posterior edge the org 
eve 1s over the uppe nteriol 
In order to reach the ey 
must and aio Dass ror lon J 
through and around this bull 
tissu¢ What morphological sig 
has this eleetrie tissu 

irst. we know 1 tf most ¢ 
Sule originates rom muscle, and 
MUSEIeS I sucl 1 Loe \ ! | 
that eould eas orm it ! 
muscles Wi so know that 
or ocular motor nerve supp 
Stimuius to only certain ot t 
cles and we Ser he rs | t ( 
tissue is supplied with a large b 
this nerve Both these 
strongiv to one or more o The 
cles S The soures ) the eles 
and vet eve muscles are pres 
parently perfect, and are Inne 
t he l propel nerves the THT 
ind sixth erat nerves 

Secondly, whe first st 
seemed that this orga mig 
been developed n early Cl 
lite rom = on ot the 0 
Three nal tine muscies V ( 
next To tf, particularly the e\ 
palatini, or from the adduectors 
bulac wl e} touched t anothe 
TI IS SUDpPOSITIOI however, see! 
auite SO) probable as Tie eve 
theorv on account of cert ! 
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istla mod Co i) 0 il Tel o! a) 


more ol these CVE muUuscies ; i} 


e electTme organ Was mnervated 


nehes o the third nerve exelu 
t was surmised that the musel 
l were one ol more ot t howe 
by the third nerve, namely, thi 
rv oblique, internal rectus, supe 
ectus and inferior rectus It was 
nsidered that The superiol obhia Tt 
ternal rectus could have beet ! 


heecause thev are alwavs supplied 


erte brates by the fourth ana Sixtl 


nerves, respectively, and thess 
s showed no signs of being Involved 
t he elecetrie TISSUE 
s puzzle eould only ln solved } 
way, t hecam« very evident, and 
was by a study of the embryologic: 
rv of the parts involved l'o do this 
s necessary to have certain stages 
( development ol Astroscopus, and 


e had ever seen a voung Astrosco 
Nor did anv questions addressed 


e | Ss Kish (‘ommission. to native 


ermen and TO others who had ob 


e fish throw any light whateven 
1S breeding habits 

( writer determined to get this 
vledge and the whole story of how 
ly succeeded makes such a vp 


account of the methods that must 


C] be emploved in biological work 





t will be related here 
» to this time the fish had been s 
lin the summer and fall from trap 
or pounds in the lower part ot 
sapeake Bay, only about TWO doze) 
Such fish were fairly large. from 
t to twelve inches or more in length 
were considered fully adult It 
ed a very e@as\ matter To dissect 


ot these fish and To get eonside} 


ASNT ROSCOP| 


~ 
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these Cnses 
humerous, 
Those laid 


} 


and 


rela 

Opsanus) and the 

}i hi ‘Ss and some 
very tew very ro 


eovos In nests under stones and earetu \ 


But when 
Summer 

ower Chesapeal a were examines 
microscopically the high-powere« 
enses as 1 ir aries, it was toun 
that all th small and s 
immature thi ) ing at all eould be 
decided as to their breeding habits. 

Such fish were then examined when 
caught during the time from April to 
November with the same result, and it 
seemed that the warmer months were not 
the months when the bred as most of were as 
our Atlantie shore fishes do. It seemed unusual 
probabl that they must breed in the when col 
Wi r months So t 

So for several vears expeditions wer 
undertaken frem December to March 
and the fish were sought in their usual 
haunts but none was captured. They _ perts 
were dredged for in the shifting sands sought and one f them b 


} 


ot half moon shoals and even in the bay rest rved. and sent To Prir eet 


mud where eels and the blue crabs bury the first larval Astroscopus 


and spend the winter, but none were’ writer had seen. They were but 


found. The only information obtained — hatched, about four millimeters 
was that late in the fall voung As/ro- at a stage of development wh 
Scopus from two and one half to four pe agie breeding fish leave the 


f their 


inches long appeared sometimes in the and go to the bottom if 
bay in small schools of several dozen but live there as Astroscopus does 
that even these disappeared in the win- Sections were cut and the lar 


ter. Did they and the large fish we had were reconstructed in wax and 
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disappo 


ntmiel 
t they possessed 
or hardly a trae 
eve muscles wert present 
innervated 
commons nnervat 
vertebrates 


) 
rt 


seemed to mean the 


n eleetrie organ 


{ugust of the next vear the F 


steamer Fish Hawk w: 


SS1LOD 
towing again some tTwe nt 1} 


t and farther south when h 


Dr. W. W. Welsh, fow 


to the writer some 


TT sent 
Astroscopus ot larger size, 
was nine and one half n 
ng and another fourteen m 


eneth. These were likewist 
at last some first tr 


the electric orgal 














PRESERVED TWENTY-MILLIMETER LARVA Ol 


FIG. 8. PHOTOGRAPH OF A 

ISTROSCOPIS 

KEN ON THE SURFACE WITH A TOW NET BY THE I 
MILES OFF THI 
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THE EYES OF ASTROSCOPUS 
DRA E SIX EYE MUSCLES, THE FO Pt ONS 
iS \ D BLOOD VESSELS OF A { 
Ss DI I SHOWN, THE IN IALS HE SIX EYE MUS¢ ES. ONLY 

SLX ,ERVES ‘ THE LEFT SIDE, AND 0) \ I 

ON E RIG! BLOOD VESSELS SHOWN ARI KI Ky! 
ORED A SMO ( ELI ORGAN RUDIMENTS ARE § PLI DRA 

WHITE. 

much longer time and untila much more’ remain at the surface unt 
complete stage of development than the three fourths of an inch long 


lara majority ol pr lagic breeders of the 


fish tribe. This is not so remarkable, 
as it was known that the file fish, the 
lump fish, and several others remain at 
the surface until over an inch or two 
long, after which they live near the 
bottom, while some of the flounders, 


typical bottom fish and pelagic breeders 








that 
de velopme nt 
the 


The point was, how to rel 


possible Astroscopus 


as 


while still on surtace 

of larval Astroscopus larger 
A great deal of 
to find them The 


eeived that the voung fish ol 


mm. 


seem 





To eect 


nT 
+} 
TOoWIng 
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- ee, 
method failed; so the apparen 
erate method was conceelved Of exal 
e the stomach contents of some kink 
racious fis that lives neat but me 
the bottom and at one ne se bass 
mus, was thought o These fis] 
ving about two pounds in weight 
n immense numbers near the bot 
on some banks a few miles off shor 
ey are constantly on the alert and 
mery for all small diving creature 
t was decided to systematically ex 
ne their stomach contents for a eo 
siderable period in the hope of getting 
he desired stage of Asfroscopus 
This deeision was taken the mor 
readily since it was known that ma 
Si fishing VeSsé ls make a bus ness oO 
teching sea bass in large numbers an 
dressing them for the market on the 
grounds. The writer shipped on the 
uses of severa! of these vessels nd 
so went on one trip on the | =. J : 
Fish Hawk off the Carolina coast. and 
found the fishermen very glad to hay 
some one along who would dress fish fo 
— them as fast as caught, although they 


ad grave suspicion ot the prac ticab t\ 


nis methods or the LIS¢ fulness ott 


urpose, even when fully explained 
On rough estimate thi 


a somewhat 


stomachs of betwee nh tw nt five hundred 


7 


nada three thousand sea hass were op ned 
he Astro 


Oniy 


| examined before 1 first 


Two 
Ml fi 


h and the 


found, and 
But 


one ol nearly one inch in 


AUS 


was 


found in all. these two sma sh 


le not 


ther slightly over an inch, were the 
critical stages sought and told the whol 
Story especially as Mr. Welsh also eon 
tributed another specimen of a little less 
Fig 


in length, which he had caught in the 
ow at the surface 


+} 


an one inch (twenty millimeters, 


~ 


The two specimens 


taken from the sea bass stomach were i! 


n exeellent of for 


state 


preservation 
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ou? dieting nr elem 
ele ( org } Crow ~ 
init eC’ ! | ‘ 
Xi 
( electro cs { \ 
uv Tie! ther SCLVeS } 
( hout twent ( 
ers Ving ho ‘ , 
net MOS cceurate S ( \ 
t he { i'¢ ric stil it ] { 
lated nutritive surtace dow) 
eleetron ( ores ‘| ‘ | ~ 
dded to that o S 
neighbors. in this w: cing 
0 hou T\ volts au ’ ( ~ ‘ 
nous « se} rve oO t he ele entre 
Tl Is We find t| IN Tel | ‘ 
mon oO sand ( ry Ole t ’ } ) 

















FIG. 10. AN ASTROSCOPUS RISING FROM ITS HIDING PLACE IN THE SA)? 
, . Ar A 1) L\WhN \ R B fe OM 
top ot the head whe re if IS ready TO he lis eve 1S laid in tate spring 
discharged when any other creature summer off our sandy coast 


threatens it from above as it lies buried 


in the sand It is also possible that it 
sometimes uses the organ to stun its 
prey, which consists of small fish that 


swim over its hiding place, as is don by 


the larger electric torpedo with his 


stronger electric organ It has no need 
for this, however, as Astros¢ ypus ean 
spring from his hiding place and, rising 
swiftly, capture such fish, as the writer 
has seen him to both in the aquarium 
and in nature (see Fig. 10 

We are now in a position to outline 
the life i 
major aspects. 


fish’s history in some of its 
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irom nirts 0 possibly Wo Huhne 


in depth. The ev? rises slow 


surtace where it floats and hatch 


a little transparent fish only a few 
meters long. It grows rapidly, | 


its vo k sac, and when about six o 


long if begins TO eat 


millimeters 


and younger fish larvae, very ofte 


Astroscopus. It then acquires 


which deepens with tim 
later, a bright vellow spot appears 
blunt chin. When 
fifteen millimeters long and prob 


old the 


muscles 


eolor. 


about twe 


remarkable ehat 
that resu 


month 


its eye begins 
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etrie organ. At about one inch it 














ra trifle over, it begins to swim eet voung stareaze or wit be 
and finally swims straight dow: electric orea almost cor ty 
d the home it Instinectively craves veloped nal ts s mus dark 
sand. Ihave often thought of th color than thi ; \ 
4] Enal a Ps } P a 
vers of this final dive. If it reaches a Wo wo and one 


sandy bottom. we and good. but 


] s ( ~ \\ SECO} 
mes down on a rocky reef there must the 1 ths of our sar 1) 
any enemies waiting to receive and Lone Island ft Klorid nd the Gu 
And what happens if it settles on Vk , (ijreat Sout 3 4 7 





soft mud? The adult fish dislike mud Bay. Delaware B the ( 


avold it re tive ) ees 1 | f eS ‘ , ws 








‘1G. 11. TOP VIEW OF MOST OF A LARGE SPOTTED ASTROSCOPUS ¥-GRAECUM 





FROM GEORGIA, FOURTEEN INCHES LONG. PHOTOGRAPHED FROM A PRESERVED PECIME) 
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at this age an apparent desire to trave 
in small schools. When winter comes it 
probably moves off shore to avoid the 
severe ecold and moves into the bays 
again the next spring and summer. W: 
have little or no information on this 
point and in its southern range suc! 


short migration 1s not 


When about eig 


nece ssary 
fish 


mouths 


rht inches long the 


spends its summers around thx 


of the bavs and in their lower wider 


reaches of water, alwa 


} } 


Sand and usually 


VS Staving on the 


bedding in the sand by 


day and moving about by night. It is 
LLISO found near shore on the open sandy 
coast In the fall, at least in our north 
ern states. it collects at the mouths of 


active as coo! 


the ba 


weathe reomes on and may otten be seen 


vs and is especially 


} 


it up neal the beaches in only a 


or cau? 


few inches of wate) Then, after some 


northwest wind, it 1s seen no more 


1 
eold 


do not know, but it is 


until spring. We 
very probable indeed that it moves oft 
mto deep water tor the winter Tl IS 


ife, which may be ealled its bay life, 


StS or st veral vears until the fish b 
eomes over twelve ol thirteen inches in 
eneth and probablv from four to six 


in the 
hot 


where it 


Then it is 
but 


TOMS some distance oft the 


vears old never seen 


bavs again moves to the sand 
eoast. 
migrating 


permanently, possibly 


Ives 
urther out in winter and inshore in 
summer. Now for the first time the 


ovaries and spermaries, which up to this 


time have been unproductive in spite of 


1 


the fish’s comparatively large size, ma 


ture a erop ot iy eogs and sperm in 


the early spring ot each vear, and the 
fish breed around May or June in the 
latitude of Norfolk, Virginia. In Florida 
thev breed in January 

Three 


eorded in 


genus 
fish 
atus, found from Long 
Hatteras, Va 
Fig. 11), found 


species ot this are re- 


the taxonomy 


hooks on 
ro i/ 
As POSCODUS Gui 


Island, N. Y., to C 


Astroscopus ) qracciwm 


ape 
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rom Hatteras sout nto | 
t he (su 0 \lexico ana As 
. . p 
>e pire ws, ToOuNnd on Tie Pace ( 
the Isthmus of Panama up 
0 ( alitorn 
In structure all three spe 
sal ] +} + 
mule Kf 1} vel ( sme Ss l 
——e » hetw 
Sal 0 GIsSTINnguish ¢ Wet 
, ot 32007} tw +] ‘ 
IS particularly rue oO rit wi 


\\ here 


lie ighborl ood oT 


they ove 
Cape Hatter 


practically certain that the 


Sp C1leS 


and great variation is 


nent extern: feature ot g¢ 
large number of white spots s 


together I) Y-qraee 


larger and less numerous 
these marks increasing the rt 
it lives. Just north of Hatt 
individuals were found v 
Spotting characters of the sl] 
with some of the struetur 

The genus Aatl stoma 

n \ represents TV 
Ls S¢ Sas we as some 
family Uranoscopidac indoubt 
descended Kathetos S 
the voung of Astrosc sil 
has ne Sale rin nha eve 
back, it has longer spines 
from the posterior angles ot 
primitive character according 
S. Jordan and other systen 
species of this genus are fom 
water in Many warm seas 


] PrOAnNOSCODIGAE 


The family 


Astroscopus is a member, eo 
eight genera and twenty five 
Most of them resemble As 


strongly in general appea 


” 
/ ranoscopus scader trom the 


ranean Sea looks so much like 


ean safely be used as a sa 
shown to fishermen when mal 
quiries as to Astroscopus \ 


five of these species are found 


waters with few exceptions and 


fer the sand and show an adapt 








rie of Tiny tls 


has von Oo tie ‘ 
! eleetTrme organ as 
is heen able to eXalll 
} 
next, anda a eiosely a 
achordidde, We find f 
: ty mt} 
also Clos resemp 
} 
is and ne Yenus 
{s Ss also made mut 
irection oO high an 


ation in al 


nowevel 


ntra suri 
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yrodue 
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CHEMICAL MICROSCOPY—TIME AND 
LABOR SAVER 


By Professor E. M. CHAMOT 


Better Bus SS . ng an echo n vir is us cros 
SHODpS ( Ti _ \ ere s he neg ) el | ! s( 
raphrased nto ‘*(Quieker and Bet Ww ch to-day enables 
ter Serviee.’’ As a result, fewer useless large proportio) is pre 
routine tests and analyses are being minimum ¢ ir 
made, less valuable time is wasted and and material. Thus 
more easily interpretable data are being returns on the capital invest 
btained and submitted for considera tvpe of laboratory equipme} 
tion and study This does not mea to be relatively mueh ere 
hat fewer tests and analvses are called invested in what we may ¢ 
for, far from it, but it does mean that mary equipment the lal 
the technician is exercising better judg The purpose of this art 
ment in his efforts to throw light upon  deavor to make these points 
some definite phase of a given problem econvinee the skeptic t 
It has thus come hout that there ar methods are becomn well es 
few chemists to day who accept a sampt the chemists’ laboratories 
r analysis without further information though their advantages wer 
an *‘analyze this for me and let m looked their ust s becom 
ave the results as soon as possible.’’ and their value fully recognize 
Before he begins his work, he asks, Microscopie examinations 
‘““‘Why is an analysis wanted? Just being adopted for the purpos 
what do you wish to learn concerning placing standard chemical ! 
this substance, and what reasons have for supplementing them or be 
vou for believing that it is a chemieal formation may often be thus 
analysis that will throw light upon or which renders chemical analys 
solve your problem ie These questions fluous The following case ma‘ 
arise whether the chemist is a public as a typical exampl An ar 
analyst or whether he is one of the tech brought to a chemist the beaut 
nieal staff of a lara corporation : in the shown in Fig. 1 ‘*Here is an e) 
latter case 1s it especially true. ally fine Greek tetradrachm 
The cost of reagents, apparatus and been offered to a eollector at 
instruments has markedly advaneed in ably low price He brought it 
recent years; while time and labor have have me pass upon its genuin 


greatly increased in value, at least as suspect it to be a very elevet 
measured in terms of speed and in dol It has not the normal weight « 
lars. Furthermore. the ‘‘overhead’’ in drachm nor does it feel qu 


4 


all laboratories nas reached figures Take a ‘streak sample’ and 


which necessitate a reduction of as micro-chemica analysis and see 
mueh aS possibli oT ust less routine if is silye r or not he “Suppose 
analyses, at the coin first under the mie 
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‘ took one | mice : Cl turnil 


— 


friend, exe 


! vour suspicion: § the Coll ‘ 
) 
is Look Vou Cil Sct 
1 1 ( ct ll is hee ( ~ l 
for the surtace shows well-torme: 
Tic ervstals. wit no evidence 
been ‘worked. aS would he the 
vi the eom been struck see fk 
9 \loreover. Tie ervstallizat (I 
as To preeluck ims being S lve? 
} } 
silver does not give dendrites with this 
There IS littl doubt that 
here a base-metal al O\ prob: 
e in which tin predominates 


Thus by a simple microscopic exam 
nation the chemist was abl 
problem put to him by the archeologist 
It required only a few minutes, affected 


coin in no way and required the ey 


penditure of no reagents. It should be 
auite obvious that Microscopy Was ! 
this instanee, both a time and labo 
saver But, the reader will say, an 


! ilysis ot the eom was not really neces 
sary, since its weight and ‘‘feel’ 


pointed to the fact that it was spurious 


All of which the writer admits, but thi 





reader must remember that the arele 


ologist had ealled for a chemical analysis 

so as to learn whether the coin was made 

of silver or of a base-metal alloy in ordet vears ago that n | such eases 

to settle the question as to its abnormal plete chemical analysis would ive 
weight and ‘‘feel,”’ and that he was heen ealled for S matter « rout 
given this information through a micro under the belief that the norn 
scopic examination alone: an examina must be t resu i 
tion which required a mere glanes at tin COMPOSITIONS T sf ses wert 
magnified image. difficult and were time-consun 


Lest this ease of the tetradrachm eCXPCHsive Not infrequent! ip 
ould be believed to be unique it ean completion little or 


asserted that there is a growing upon 1 problem 1 ssut , 
tendency in the industries to-day to sub- chemistry, the microscope and 
at once to microscopic examination rometer have revolutionized out 
metals and alloys which have proved with the result that much time, lal 
feetive or abnormal or whose composi and wor are saved b yr i 


ms are in question. It is not so many to routine chemical analyses o1 
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microscopic examination has failed to 
complete V solve the riddl In the mag 
nified Image of a properly prepared 


loy the expert is able to read a wor 


arous story 
But it is not only in the metallurgical 
+ ° +1 + " | 
NauUuSTries nat chemica analvsis may 
rove to be unnecessary It is now well 
recognized that the commerelal success 
er failnre-of 1 nradnet lepend 
OO} aiiuyre Ol nan proau S Thay aepend 
larvel\ pon The results of TUaLeLOUS 


microseopie studies of raw materials as 
well as of finished or partly finished 
products. These may be as far apart 
lv’s silk hose and the earth of a 
road to be surfaced with tar; ora ** baby 


powder’’ and the pigment « 


r filler enter 


ing into a rubber tire; or ore to be sub 


yeeted To flotation and rosin tor ‘*size’’ 


or a detergent or polishing powder and 
an abrasive wheel Each and all, and 
a thousand and one more are being ex 


any ned, studied and tested mMmicroseo 


yi 
cally in order that qualities may be im 
proved, production cheapened and sales 
nereased 


} 


(‘nfortunately, not all our firms have 
as vet come to realize the importance of 
these comparatively new methods, for 
example: a plant working a rock salt 
vein by forcing down water and pump 
Ing up the brine obtains a brine con 
aining much ealeium sulphate (gvp 
sum It was their custom to remove the 
calcium salt by adding a chemical which 
would precipitate it. There came a time 
when having lost their reeords and hav 
ng no knowledge of the proper dosage 


! 
| 
I 


they prepared a batch of salt and sub 
mitted a sample to a voung chemist with 
the request that he determine whether 
or not all the gvpsum had been removed 
and whether the product could be placed 
on the market as table salt. The chemist 
attacked the problem in the old ortho 
dox manner: he determined the amount 
of chlorin, which he then ealeulated as 
sodium ehlorid, the amount of calcium, 


which he caleulated as calcium sulphate; 


hie bie MN ors ! ‘ ? } 
calculated as ¢ elum sulp!) 
LWO Values |! ob ned tor 
phate did not agree. Puzzle 
sulted a more experienced ft 

st, who remarke: Before e 
vour figures | IS S¢ vhat 
SCOT \ I] rt { Loo I 
Your Sample mus ont l lg 
far tron ortv per cent Y 
A prine microg pl Oo! fis 
sample Ss Show? ! oy ) 
and ec¢ubieal masses ire ! 
SOCLILLIN ChHLOTIC OmMmmMmon s 
prisms and plates are the © 
calcium sulphate (gyvpsun 
glance through the microscope 
that the dosage had been insuftice 
also enabled the observer to form 
as to the quantity of impurity st 
ent This particular case is 
cause it illustrates another ad) 
MICrOsScOople methods, namely 
process need not have beer 
completion and the salt separ 
the brink A small samplk 
during a run would have e ! 
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where a 


especially mie facets 

s or where it is desired to elosels 

vy the progress of a reactio1 1) 

such cases it suffices to remove 
samples from time to time , 

them to microscopic examinatior 

re such methods are adopted instead 

mg solubility determinations or con 

ted analyses, the saving in al 

rand material may he relatively ery 

This does not mean that micros 

minations are destined to displace o1 

. nt the older, well-established, time 
| chemical control methods in the in 
stries Microscopie tests and es 

es are often, at best. merely « ar 

PUCSSES Yet they may be, With eare SO 

rv close to the truth that where an 

estimate only is needed and not an exact 


the hei 


liv for the analyst to overlook 


ermination, it would be 


mic nossibilities ol chemiea Micros 
Not infrequently a microscopic CNA 
that a 


ved hy p thesis was completely wrong 


on has shown at 


nat once preco. 


hypothesis that had been built up t 


; 


explain phenomena or to 
low vields or for defects in manufactured 


A run 


ot smokeless powder Was found on analy 


icles He re iS a Case 


In point 


sis to be too high in its ash content to 


The 


the powder plant built up a number ot 


Dass inspection. technical men ol 
ingenious but wholly untenable hypoth 
to for the Mueh 


valuable time and spent in 


eSeS trouble 


account 
money Was 
trying to uphold preposterous explana 
ions which were contrary to 


Had 


ler-ash been examined under the 


common 


sense and mathematics the pow 


micro 
scope at once instead of after many days 


fruitless discussion it we nid have heen 


seen that the excessive ash was due to 


fine silt from dirty, improperly cleaned 


tton. Of course, the trouble all started 
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but with two econ ponents well 
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rices could be made r whit The chem 
st of the firm origh ng the prepara 

n surmised tl he alleged single in 
rl lient mate! | as ientica \\ h 
heirs and in real ( ned two com 
pounds. Since the two compounds were 
ery closely related substances and their 
lentification in a mixture would be dift 


cult indeed, he coneluded that time and 


labor might be save ne 


recourse 


microscopic methods. He therefore 
iid his problem before a microscopis 
vho at on pointed « hat the refrac 
L indices ol Ihe l sStais oO the wo 
compounds were widely different, no 
matter in wha S n the erystals 
eht chance to hen by selecting 
liquid | ing 1 same index of reé 
raction as one of the compounds and 


covering the 


this liquid, that particular compound 
would be practically invisible under the 


microscope while the other compound 
vould stand out sharply and clearly 
Not only could the two be thus easily 
differentiated, but the relative propor 


n the mix 


ons of the two compounds 1 


ture could be estimated without resort 


ng to lone and diftieult analy tical meth 
ods Moreover. these results could be 


checked by making a second microscopic 


using in this case a liquid 


preparation 


having an index of refraction equal to 


thé 
rendered 


it of the compound which had not been 
invisible in the first 


ment ; unde r these conditions the 


component of the mixture would become 
invisible while the first would be clearly 


defined and its amount readily estl 
mated That this pr wedure proved that 
the chemist was correct in his surmise 


the reader can judge for himself by con 
sulting Fig. 5. This 
shows the material alleged to consist of 


but a single compound after it had been 


photomicrograph 


alphamonobromnaphtha- 
lene. It be that there 
present erystals which have been ren- 
dered practically invisible, which have 


covered with 


will seen are 
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Dee n \ 

1isoO Crys S ( ‘ lit l 
defined contours, **B S 
obvious 1 wi ive rm 
thea e two eom inds pres 
aah eens ly 

Space will 1 ermit seu 

e methods en ed rs 
othnel ) to e prol ! ! rie 
ng the identity com) 
each of the two pi rations 
nal and the infringing on Su 
Sav 1 iT tw = q uickh lidi ¢ S 
plished through the determina 
opti eonstants ot the cry stals 
compounds. It has taken as long 
this little story as it does to n 
tests and observations 

All these methods are ver 
have been emploved by mine 
and petrologists for many years 
only recently has the chemist ¢ 
fully appreciate their value in q 
tive analysis. By their use he is 
able to rapidly ascertain the exact 
position of most salts and of 


number of 


earbon compounds 


the nec ssity of time consuming 


tative analy 


ploys only 


SCS 


tiny 


Be eause 


amounts 


ic 


how 
mat 

















CHEMICAL 


iples are no longer essential and 
us bee hn rid, in lara part ol 
noir—the gathering of a suffi 


4 


large sample to permit n to 
an analysis by the good old 

x methods 
not possible to prove by photo 
s or other graphic met ods t 
tive analysis by micro-chemical 


ns is far more rapid than by the 


macroscopie test-tubs reactions 
eader must take m\ word for it 
Rapiditvy is gained largely because 


quantities are involved unde 
ely high eonecentrations, condi 
which favor thi rapid separator 
erystalline products upon whos¢ 
on the identification of com 


is depends. 


ihe space requir 1 for pertorming al tested 
sis is very small. In Fig. 6 is “‘d 
vn an object slide upon which was © slide 
le the analysis of an alloy corr the 

nding in com position to that trom CONSIST 
the eoin shown in Fig. 1 was trace 
bably east. A tiny fragment the size time 


e head of a small pin was dissolved — cost 


d tested at ‘‘a,’’ the supernatant TWo ¢ 


mid was deeanted to ‘‘d’’ divided into anal 


il small drops, which were all on 





A COMPLETE QUALITATIVE ANALYSIS 


MED UPON AN OBJECT SLIDE WITHIN AN it may 


AREA OF ONE SQUARE INCH. 
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Spt ClMens 


material 
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strea k 


inh] 
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ele al 


MICROSCOPY 


Irom a 
mus ! 
( xample 


surt 
subsequ ntly be 


suitable solve nt 


poreelain or similat 


removed 
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that 


rrom 


Q] 


in reality equivalent to 


removed 
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Fig 


has been maegnific 
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ple and that an ample quantity of mate 
rial has been obtained upon which to 
perform an analysis by microscopic 
methods. Unless a moderate magnifiea 
tion 1S emploved, one can not discover 
where the specimen as been sampled 
and even then one can not be sure unless 
one knows beforehand just the precist 
spot which touched the abrading surtace 

When streak-sampling is impractica 
ble, the analyst removes infinitesimal 
quantities under the microscope, using 


ariety of different 


a 


lor this purpose 


sorts of tiny tools. Yet even in such 


eases It is impossible to detect where or 
how the sampling was accomplished. 
This may be fairly well illustrated by 
Fie. 8, in which is shown the ‘reverse 

of a gold stater from Lampsacus, whose 
authenticity was questioned. The micro 
scope showed that it was not a simple 
easting but had been either struck or 
hammered. <A_ streak-analysis proved 
that it was of gold of a quality consistent 
with an ancient origin. The patina in 
the depressions in the eoin was seen To 
be abnormal and under moderate magni- 
fication had every appearance of having 
been applied with a brush. An infini- 
tesimal amount was removed under the 
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microscope and 
CONSIST Of Gum, stare 


a water color and 


silt; a very cleverly im 


the figure the colin Is show 
before and after the removal 
‘patina’’ for the analysis. 7 
was made at the spot indi ( 
white arrow R Even 
serutiny ¢ ( wo photog 
fail to diselose ai dence « 
The tew examples e | 
microseopie methods whi 
discussed in 7 S artiel ire ¢ 
of many analogous cases whic 
successfully attacked by sim 
dures They ave been seleete 
of their simplicity. Complex qu 


analyses are being dea 


quently by more complicated 


ervstallographie meth 


+ 


chemists have the necessary 


experience 


The proof that these met : 


garded as important 
evidenced by the establ 
of microseopy and tli 
one department of ¢] 
other in our universiti 


will be given in micro 













a very 


itated 


it wit 
ds whel 


; 
! 


and CSS 
ishment 
announe 
f mistry 


s that inst 


ehemist! 











MODERN COUNTERFEIT OF AN ANCIENT 
































CHEMICAL 


MICROSCOPY 














Fic. 9. LaporatTory or INTRODUCTORY CHEMICAL Microscopy, D 
UC 


CORNELI 


Cornell University was one of the 
pioneers in this field: as long ago as 
1900 courses for undergraduates were 
offered in mieroseopie qualitative analy- 
sis. From a small laboratory accommo- 
dating at first only four students, there 


has developed the magnificently 





NIVI I 


equipped room snowh 


4] 


with three ot r la 


special MUICPOSCO PIC 
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dently chemical microsco} 


and labor saver oO] 


to stay in Indust 


laboratories, both a 


¢] 
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Fig. 9, togeth 
oratories devoted t 
investigations. Ey 

\ ( The 
i chemist, has come 
al and in researe!] 
ome and abroad 





rr 
EO 


IRA REMSEN 





THE PROGRESS OF SCIENCE 
EDITED BY DR. EDWIN E. SLOSS 
D fs 


NATURE’S NOTEBOOK 
| 1) 


Curer-uP! Cheer-up! Cheer-up! 
most incurable optimist in the work 

s the robin. Lle comes should ring | 

wa\ through the roughest Mareh wind 


; 


oclaimine obstinate ly that spring 
ere, and he'll kee p on proclaiming 
hrough a whirling snowstorm, or 
hailstone big as the prove rbia]l 

egg hits him on the head. He hasn’ 
sense at all, and that’s why we like hin 
You can’t convince an American, 0 
eourse. that a robin isn’t a robin: but 
actually, as a fine point in ornithology 
our robin is a thrush. The early Englis! 
eolonists were very fond of the Englis! 
robin, a smaller bird but with a brighte: 
breast, and belonging to a somewhat d 
ferent familv, and when they settled on 
this side of the Atlantie the Vv transterr | 
the name to the red-breasted bird they 
found here, regardless of the fact that 
when ‘‘the north wind doth blow’’ h 
does not ‘‘hide in a barn to keep himse! 
warm’’ but migrates southward below 
the severe frost line. But now our robin 
is a robin to all of us, and we defy any 
one to take away his name as he would 
defy any one to take away his worm 
How the robin finds worms under th 
ground has been a standing riddle to 
naturalists for generations. He certain 


can't see them, and it is hardly lik 


that he can smell them; yet when lhe 


makes the dirt fly furiously for a minut 
he almost always ends up with a on \ that he does 


sided tug of war with a worm. The best 9 ane vy the goo 
mess seems to be that his ear is so u 

lievably keen that he ean hear th 

int rasping sound an earthworm mak 

its burrow. The fact remains that h 


es get it! 
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d in very high regard; to-day 


he supply of the more precious pr 

f the Canadian high north beeom 
Oo lepleted and the Siber nh suppl 

sly interfered with by the effects 


t 
" 


ical revolution, muskrat has be 


valuable staple in the fur market 


> ih so, indeed, that muskra rm 
u s taking its place among our Indus 
eS ong with the farming of the 
ghivy expensive silver fox and the rie 
ily nrotected seaieries oO the Pribilot 
slands. Muskrat farming, however, 


+ 


rtakes more of the nature of protecte 


systematized trapping on private 
reserves than it does of the exploitation 
fairly well domesticated animals like 
fox. The principal commercial musk 


rea is in the vast swamps of the Gul 


lge of Louisiana, where great private 


NaIngs of the almost value s land ll 


} 


‘an called land are pares | ed ofl 


d leased out or sold to the trappers 
[hese men know from experience how 
wh trapping a given piece will stand 
thout being de plete d. and practise eon 
servation of the animals for the benefit 
their own busine SS Tl is profitable 
raising industry is coming into em 
rrassing conflict with the program o 
sanitary engineers working against thi 
squito pest in the South. The engi 
ers want to drain the swamps to re 
ve the cities and the upland farms of 
swarms of plaguing, and frequently 
iria-bearing, mosquitoes. The musk 
larmers naturally want the swamps 
alone, for their living depends on 
\ modus vivendi he Tween the two 


rests is now bi ing sought 


iE early bird may get the worm 


our entire approval ; 
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whi we all learned during M 
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} ‘ ri 
iKe Mal otnel nines i Co 
erv early in the spring, when fros 
eome every night and snow m 


any week, PUSSV-W1 lows do seen 
e to another world. In a sense thi 


eloOnYg to another woria, ¢ nr) 0) 


son with us is the season of bar 
ing ice; these strange flowers blos 
and shed the ir pollen and achieve 
ity and form their seeds, ; hefore 
bees, and the bright-petaled blossor 
depend on the bees. are abroad 


Willows ean thrive and reprodue 


i world without insects: the cold w 


Zs 


duenna enough for their love 


world without insects Well. su 


a 


thing obtained, at least loca 


hundred millenniums ago, alone 


edges ot the lee sheets 0 the (, 
Epoch That ther W rs Wi lows Ther: 
then can hardly be doubted Willows 


now push their advance to the edges o 
‘ polar ice cap and to the snow ine 
our high mountains, and willow r 
ains are thick in the bows left by thre 

retreat ot the elaciers Whateve 

onomes or kobolds the davs of the Lone 


Cold knew had at least the comfort o 


little furrv tabbies lined on twig 


AMONG the verv earliest of showy eu 


tivated flowers. almost As early aS thy 
pussv-willow and the s!| unk cabbage. is 
the eroeus. It hardlv waits for the snow 


to melt off the lawn before it pushes its 


THE BICENTENNIAL OF NEWTON'S DEAT 


THE twentieth of March of this veal 
is the two hundredth anniversary of the 
death ot one of the greatest scientific 
men of all time—Sir Isaac Newton. His 
ong life of eighty-five years comprised 
many different activities. As a young 
man he practised alchemy. He wrot: 

any theological treatises; he was a pro 
essor at the University of Cambridgé 
nd for the last thirty vears of his life 
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SIR ISAAC 
he ‘‘discovered gravitation’’: that had 


been known since the days of Aristotle. 
Not because he formulated the exact law 
according to which gravitation acts, for 
that appears to have suggested itself to 
at least three of his contemporaries. Not 
that he was the first to conceive the idea 
that the attraction 
might reach as far as the moon; that had 
him, though no 
demonstration of it had been given. 
Newton head and 
above his contemporaries because he had 
mental grasp, a 
Scientific 


earth’s gravitative 


been imagined before 


stood shoulders 


GOK ud 


broad 


sense of perspective. 


vision, a 
knowl- 
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NEWTON 


edge before his day consisted ehiefl 
isolated facts of observation, with 

or no correlation, and no satisfactory 
But Newton was ab 


the 


signed causes. 
visualize all moving bodies in 


universe from comets to falling ap 
and to demonstrate that they all ob: 
universal gravitation 


he had « 
builder 


a single law 
brought order out of chaos; 
talent; he 
only a collector of building materials 


structive was a 
was nearly two hundred years afte! 
publication of the ‘‘Principia’’ bi 
the scientific world like, 
Darwin, with the ‘“‘Origin of Spe 


saw its 
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INSCRIPTION ON NEWTON’S TOMB IN WESTMINSTER ABBE) 


| 
| Here Li! 
SIR ISAAC NEWTON, KNIGH 


THE DIFFERENT REFRANGI ES OF OF 
AND {E PROP IES OF gE 

Aw ASSIDVoUS, SAGACIO inp F , | 

Or NATUR AN UITY, AND Ho S 


H ASSERTED IN HIS PI OSOPHY Ml or GOD 
AND FXHIBITED IN HIS CONDUCT 1 OF if GOS! 
LE1 MORTALS REJOICE THAT THERE HA ; » . YH o 


AN ORNAMENT OF THE HUMAN R 
BORN 25 DEC., 1642; DIED MARCH, 1727 











hed Wit the theory of gravitation. 


has it that his attention was 


Legend 


foreibly ealled te eravitation by the fall 


of an apple upon his head as he rested 


beneath an apple tree Voltaire is the 
authority is Said 


for this aneedote and he 
intormation from 
But 


untrue, it Is 


to have obtained his 
Newton's 
the apple 


that 


favorite niece whether 
legend Is true or 


Newton "s 


upon gravitation 


+ st 


bait 


thoughts and r 


searches have changed 
universe He 
lad ot but 


1666 


our conceptions OT the 
when a 


1665 


began his researches 


twenty-four vears; in and 
plague had driven him and all 


Newton 


s in the prime of my age for 


when the 
students from Cambridge, 
sald: ‘*I wa 
invention, and minded mathematics and 


philosophy more than at any time 
since 


ton was born and it was his invention ot 


vreat Galileo died the year New 
the telescope and his planetary observa 
tions that prepared the way for Newton’s 
John Kepler, follower of the 
Tycho Brahe, had 


reduced to simple laws the movements 


diseove ry 
master astronomer, 


of the planets, most important of which 


] 


was the fact that they moved in elliptical] 
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shooting oT in a 


mathematieal 


between the sun and the 
varied 


Square of the 


bodies. the earth would sw 
tical orbit around the sw 
had observed Experience 


ry 


gested that the earth attracts 
from it Just as it attracts 

Again 
theory r 
be but an immense stone 


Wi 


‘ 


eni 

Newton sald ied) ao not ! 
may 
I seem to have been only like 


ing on the seashore, 


In 


peb 


une 


orbits around 
foe] 


closed 


rd earth and so Kept in its 


‘art 


now 
hle or 


whilst the 
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he sun at on 
Why 


orb T 


should a_ planet 
around the sun 
ff straight p 


genius of Newt 
if there existed an attra 


proportio 


distance be ty 


es and the weight 


Ne wt n’s ealeulat ons 


eht and the moon 


hlv force of gravity beea 
toree 


as wel 


appear to the world: but 


] 
and d ert 
finding 


and then 


a prettier shell thar 


great ocean O 


seovered before me 





